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LECTURE I, 



I *«* 



this course of lectures was arriuiged, it was thought 
ible that you should have brought before you, in a brief 
coimected series, a general idea of what may be called the 
B universe ; and accordingly, anangeinentt 
made, that our friend Mr. Loekyer should tell yon about tlie 
Heasens, that Dr. Boacoe should disconree to you of the Earth, 
and that I should follow suit, in giving yoa a sketch of the 
history of Life upon the Earth. This then ia the task that 
has been imposed upon me. 

If it be true, as many of our scientific friends beiieve, that 
man has had an ancient ancestry very difl'erent from that 
which we are now inclined to recognise, it becomes desirable 
that we should have some sort of idea, who find what those 
ancestors were. We are told that man was once not only a 
monkey, but that there was a time in which he existed as 
some yet more obscure form of the lower animal creation, and 
from which form he has developed tp what he is now. This 
the doctiine of the Evolutionists ; a doctiine in which I 
jieed scarcely say there is a large amount of traU^ 
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that nnquestionably explains mncli that has never been 
explained by any other hypothesis ; bnt I have come to the 
conclusion, that though it 'does undoubtedly nsplain the origin 
of many of the lower as well as of the higher forms of animal 
life, I have never been able bo to reconcile it with my know- 
ledge of the facts aa they stand, aa to believe th;it it accounts 
equally well for the origin of man. 

The study of the suoceijsion of animal life as it has appeared 
upon the earth is the study of an enormous number of 
isolated facta. Now isolated facta are always comparatively 
uninteresting. It is just in proportion as we can associate 
some general idea with those facts, and show that there esist 
points of union, links connecting them together, that they 
aiisume a new aspect, and eshibit a measure of interest they 
did not possess when standing alone. It is when thus viewed 
relatively to the doctrine of evolution, that facts concerning 
the origin and history of life appear to me to assume their 
newest and most independent interest. And it is in reference 
to this doctrine that I shall endeavour to expound to you the 
leading truths of the science. The doctrine of evolution pre- 
Btippoees that external influences, acting through enormously 
long periods of time, have altei'ed the character, the wajits, 
and the organisation of living things. Bnt such changes could 
not be produced quickly ; our own experience of what has 
taken place during the historic age shows us that such changes 
must have been slow. The crocodiles, oxen, cats, ibisaes, and 
various other creatures that were embalmed amongst the 
mummies of Egypt, were animals auch as still live on the 
earth without having undergone any change ; the species are 
still identically what they were in the age of the Pharaohs. 

In like manner, when we glance at the Assyrian sculptures, 
we aeo that tlio negro at the time of the Assyrian king- 
dom was precisely what the negro of the valley of Sennaar 
la still. 

Here then we have proof that, in the examples in ques- 
tion, external influences, acting through thouaands of years, 
have failed to make any material impression upon objects 
that flourish around ua. If this be true, and there is no 
that it is so, it follows, that we can never hope to 
test the doctrine of evolution by experiment. Man's life is 
short to enable him to obtain the necessary results. 
?e then must we look for evidence 1 I unhesitatingly say, 
it can only be derived from the rocks of which the 
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crust of the earth is composed. It is impossible for us to 
assign defiiiite periods to the ages of the^ rocks ; we cannot 
siiy how many ^ousands or millions of years slipped by whilst 
those rocka were aceumiilating ; bnt we know that those 
periods must have been enormous. I donbt not, that we 
should be much safer in counting them by millions rather 
than by thousanda ; and it is in the rocka thus slowly accu- 
mulated, that we shall obtain satisfactory evidence of what 
time can do in peimanently modifying organic forma of life. 

But unfortunately the records which the rocks give us axe 
imperfect, and they are so for many reasons. These rocks 
have accumulated., generally speaking, under the sea, just as 
sediments are accumulating now. Most of our diy land was 
under the ocean at a comparatively late period. At a period 
geologically recent the Alps and the Apennines, the Andes 
and the Indian HimaJayaa, were all beneath the sea. A map 
of Europe pointing out what was land and what was water at 
a very recent date, gives you altogether different outlines 
from those you have at the present time. Such changes in the 
sea-level have been going on perpetually, and the areas over 
which sediments, brought together by oceanic currents, were 
accumulating, have consequently undergone similar changes. 
Nor have they ceased to do so even at the present hour. At 
every period there were large areas of land separated by oceans, 
— and at each one of those periods both the sea and the land 
had, in all probability, their respective inhabitanta ; but many 
objects most have been living on the land that never rewehed 
the ocean ; and even of the few terrestrial things that were 
entombed in the sea, remembering at how few spots the 
geologist has opened the bowels of the eaith, you will see 
that many chances exist against the probability of such rare 
relics being stumbled upon by the fossil-hnnter. 

Let me give you an illustration of what I mean. We have 
for some time past been dredging the ocean in all dii'ections ; 
expedition after expedition has gone forth, culminating in 
that noble and successful one of the Challengt-r. Through 
these agencies the deepest parts of the sea have yielded many 
sub-marine treasures, but has there been any one solitary in- 
stance, in the whole of tl;ese dredgings, in which a human bone 
has been fished up from the depths of the ocean ? Not one ; 
and yet we know that thousanda of imhappy mariners are im- 
mersed for ever in that ocean each year of our existence. If 
then we merely trusted to what the Ased^e Wt'Wo^u^'^.'^i 
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such results would tflll «s nothing of the life of man 
the earth. And so it must have been in 
only have been by foi'tnnate combinations of circumstancei 
that any particular deposit could give ua a fair conception rf 
what the life was, that existed upon the earth when tiialt 
deposit was found. 

If we examine the rocks composing what we call the 
crust of the globe, we discover a aiiccession of layers arranged 
one upon another. The section on the screen may be token tO' 
represent roughly a wide ai'ea, ranging from the central monn- 
tains of some continent to the sea, and such a Geution toaf 
approximately represent the strncture of the outer portionB 
the earth's cruet along a line hundreds, or even thousands, 
miles in length. We here see that the lowest are the mogtJ 
ancient beds, and as we ascend from the lower to the uppm 
strata, we arrive successively at those that are of , more recent 
date. Of course if we merely dig into the earth at some few 
points, various parts of this series will be wanting ; uplifted 
by volcanic and other causes, the rocks have frequently beaQ 
tilt«d up on their edges, and since many of these uplifted 
portions have been swept away for thousands of vertical' 
fathoms of thickness, by what we call denudation, it follow! 
that many of the more modem rocks, though once esisting 
at such spots, may have disappeared. We also find fro^ 
observation that some of the more ancient roeka 
aiance those that form the mountain peaks of Snowdon and' 
parts of Westmoreland — have not probably been entirely im- 
mersed under the sea for thousands, if not millions of year*. 
And hence, while more recent deposits were accumulating ii^ 
other parts even of the area now occupied by our own island, 
those particular parts may possibly never have been in such 
a position in relation to the sea as to enable them to 
B covering of the newer deposits. Thus you see, that, at manj 
spots, we may fail to find the more modern strata, partly' 
because they never accmnulated at those spots, or after havings 
accumulated they may have been swept away again by those.' 
vast denuding influences which have done so much to alter the 
physical structure of the surface of the globe, NeverthelesB, 
if we b^in on the south-eastern coast of England, and travel' 
■ towards Snowdon, we shall cross the uplifted vertical aectionB 
K or " outcrops " of most of the known rocks, beginning with 
r » modem ones at the mouth of the Thames, passing 
I vssive]_y the Chalk-hills of Hertfordshire, the Oolitic lime- 
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stones of Norfchampton, the Eed-sandstonea and Coal-bearing 
strata of Stafford, until we finally reach the ancient slates of 
Snowdon and the Welsh borderland. Now you know very 
well that if a bricklayer begins to build a wall, he does not 
commence by banging his top layer in mid air, and then 
building downwards ; he puts bia first layer of bricks on the 
solid ground, where he can obtain a good foundation, and then 
proceeds to build upwards upon this foundation. 

And as a general rule we may safely affirm that this has 
been the case with the rocks of the section before you, as well 
as of this other one which shows the approsamate relative 
thicknesses of the various layers that form the crust of the 
globe. At its base v/ia have a series of strata only found 
in America— the Laurentian rocks, named from the river S». 
Laurence — near whose shores they are at least 30,000 feet in 
thickness. Above these is another series of American rocks, 
wtiich possibly are also to be found in the Hebrides — these 
are the Huronian beds, probably IHJMO feet thick. 

Then wo come to some of our own Welsh and Westmore- 
land mountains, where we find the Cambrian strata, which 
add 16,000 feet more. Yet higher we have the Silurian 
and other Welsh and Westmoreland rocks. 32,000 feet thick. 
Others, known as the Devonian beds, still higher, are from 
10,000 to 1 4,000 feet. It is unnecessary to follow the section 
to its top. Enough has been said to show what an enormous 
mass of I'ock we have to account for ; and yet every particle 
of that moss has been slowly accumulated by agencies which, 
depositing atom after atom, continued their action through 
incalculable periods. When you observe how slowly such 
aecumulationa progress at the present time — and we have no 
other standard whereby we can judge of their rate of progress 
in past ages— we are driven to the conclusion that this pile 
of strata represents periods which the human mind can 
ncarcsly conceive of. During these periods, forces, which we 
call Forces of Nature, but which are merely the instruments 
of the Divine Architect of the world, have been in incessant 
operation, and it is to some of the results of that unceasing 
action, in connection with once living things, that we have to 
look to-night. 

If it be true, as the doctrine of evolution requires us to 
believe, that animal and vegetable life began with some 
□becure germs, out of which, as ages rolled on, other and 
more complex objects weie deTe\o^*4, a.-cii 'Ooa's, \^ "Oo-v*. "»*«^ 
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plntitn nnd NnimiilH ^mdimlly mcreaeed in the complexity 
of tlii'lr frrdni'iwitioti as the world grew older, then, we ahoitld 
■X|H<('l U> llnd HI II nothing corresponding with this order of deva- 
]ii|iriiiiiib III the onler in which plants and smmals appear in 
llin iimki, In the lecture of to-night, I hope to goide you 
In thin dirwtlon, through whatia calied the PulteoKoic age, the 
iklt" f'l which many of the fnrma of life were very different 
fi'iiiii tlinmi now existing, but throughout much of wfaidi 
jtnrlnd c^rtuln types of organigation are found to prevail. Near 
thi> vpry liuttfiin of the Laurentian aeries there has been 
found in tkniidu u very extraordinary object, a small mag 
liillod piii'tion of a section of which ia represented in Fig. I, 
Tliin in lU'clnred to be the oldest known foBsil. There ii 
■oint* <li>i]iiite lis to whether it is a fossil, or a mere mineral 
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organiaation. It is called the Eowxm, which means the " dawn 
of lifa" Now that this is a fossil I have no doubt whatever ; 
if ao, it is the earliest trace we have yet met with of any 
animal foi'm. We know that there are certain little objecti 
now living in the sea called Foraminifera ; objects that possess 
microscopic shells made out of lime which they extract from 
the sea-water ; and as the animals perish, their dead shells 
sink through the ocean and accimiiulate in its depths, where 
they form vast deposits of calcareous mud. The valley of 
the Atlantic ia largely filled with these deposits. Each of 
these microscopic objects lives an independent life ; they are 
■inute — the largest recent Foi'aminifer I have seen 
jnalling the size of half-a-crown ; and living forms of 
itude are veiy raie ; generally speiiking they ai* like 
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-the duat that we Kee blowing about the roads on a dry 
summer'B day. And yet, put them under the microecope, and 
you discover that they are leally organic atoma which often 
display exquisite beauty. , Now the probability is that the 
Eozoon was a creature allied to these Foraminifera, but 
instead of existing as a multitude of minute and separate 
protoplasms, as is the case with our liying forms, in the 
Eozoon these protoplasms blended to form thin extended 
layers of jelly superimposed upon each other. As myriads of 
minute polype animals combine, at the present day. to form 
coral-reefs many miles in length, so the unitad protoplasms 
of the Eozoon constructed vast reefs of foraminiferous shell. 
Assuming these opinions to be correct, what position dees 
this prttuitive creature occupy in the scale of oiganisation '( 
It is as near the bottom of that scale as it well can be. , The 
only objects with which we are acquainted that are lower, aie 
certain microscopic, infusorial creatures, little specks of jelly- 
like protoplasm, that are found in both fresh and salt water, 
and of which it is absolutely impossible that any trace could 
be preserved in a fossil stata Thus far then the earliest 
known fossil creature presents itself in a form consistent with 
the idea of evolution. The rocks reveal no further indication 
of organic life until we ascend to the series called Cambrian, 
found amongst the mountains of Wales, Westmoreland, and 
elsewhere. This group of rocks was chiefly investigated by 
that noble-minded man, the late Professor Adam Sedgwick 
of Cambridge, whose ceaseless enei^, bright intelligence, 
and manly character, long will cause his name to retain » 
foremost place in the annals of English science. At a com- 
paratively low horizon of this Cambrian series there have been 
foiind at one or two localities, but especially at a place called 
Bray-Head near Dublin, the remarkable objects to which the 
name of Oldhamia has been given. These objects are found in 
such. quantities that layer after layer of the rock is composed 
of them. That they are organic, and not mere mineralised 
forms, the result of crystallisation, is indisputable. We nre 
not absolutely ceiiaiin what they were, but we have every 
reason for supposing that they were Coj'allines, allied to those 
found BO abundantly on our sea-coasts. 

This second fossil naturally suggests the question, Wha' 
is the position of the Corallines in the scale of nature 1 W 
have ascended to a considerable height in the series of rook 
and we should expect, according to ftift "Aiwar^ ift. «s^wiiji-'s&. 
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have mn.de Bome adyauce in the oa^aiiisatiou of any i 
which those rocka may contain. There is no doubt that t 
Cotralliiies come next to the Protozoa, to which group the 
Eozoon belonged ; they occupy a higher position, but it i» still 
low compared with what is to follow. Thus far objects con- 
tinue to be arranged in their right order. When we ascend 
utill higher in this series we come upon an extraordinary set 
of forms of wonderful diversity. The oldest shell that we 
hare found is a minute creature, ditfering from the ordinary 
shells with which you are familiar. It belongs to a group 
well known to the conchologist and geologist as Brachiopoda, 
nod of which the best-known are called Terebratulie and 
Lingulte. These creatures occupy a position in the scale o( 
organisation a little lower than such ehell-lish a.a oysters, 
coiffles, and mussels. It is to this somewhat lower group 
that the Obolella— the first form of shell-fish that has been 
found amongst the Welsh mountains — belongs, I do not 
mean to say that this is the oldest shell that ever lived ; I 
merely aay that it is the oldest of which we have fovmd any 
trace. A little higher up we come upon a remarkable out- 
burst of life ; we arrive at a. part of the Cambrian series in 
which we fin; a number of estraoi-dinary creatures, called 
Trilobites. They are " crustaceous " creatures, allied to crabs 
and lobsters, but occupying a lower position in the crustacean 
series than crabs and lobsters do. Associated with these, we 
hnd fossil sponges, somewhat similar to those you are familiar 
with at the present day. These well-known objects began to 
make their appearance upon the earth even at ihis early period. 
Associated with these sponges and curious crustaceans, we also 
come upon objects known as Encrinites, representatives of which 
are still living in our seas. These are animals very closely 
allied to star-tishes. but which, instead of being free and able 
to wander hither and thither, are planted upon a fixed sWk. 
The stem does not afford nourishment to the star-fish at its 
top. but the star-fish afibrds nourishment to the stem ; and 
although it has certain root-like organs, these do nothing for 
the creature beyond fastening it in the sand, in which it 
chiefly resides. They do not draw any nourishment from that 
s;ind as the roots of a tree would do ; they merely fix the 
creature there. The mouth, which is in the middle of a terminal 
series of branching arms, receives the food that those arms 
entangle ; and it is this port of the creature — the etor-fish 
pact— that nourishes the stem and roots, and not the stem and 
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roots that nourish the fuii. The§o ETioriiiitoB now 1kikI» I" I") 
comparatiTely abundant ; we ahall find tliem ittill iiKini ii* wa 
ascend higher. Thun we i^ee that we luivo itliwuly uiiul^i a 
somevhat important advauce ill the dBVvlojiment of miilfial 
lifa Ascending fltill higber, we I'eacU the Hihirian f[i'i>ii]i 
of rocks, for the investigation of which we are chiefly liiJobtml 
to the laboura of Sir Roderick MurcUiw>ii. We werti Uittf 
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nflBMt book, entitled The Silurian System, gave us the due 
HMjpnd to the underBtanding of the entire aeriea. It ttinwd 
"fill' 111! I tbitt Hilurian series of atratu, which had been so long, 
M g l aeted, mie not only richly fosailiferoua, but was qmte 
u much BO aa any rocks seen in other portions of the foast- 
liTerouB aeriea. On entering this new region we still Gsd 
that moat of the types met with in the Cambrian beds lived 
into the Silurian age, though the speeiea were different : we 
still have the Sponges and Encrinites. The Trilobites still 
occur, and sometimes in estraordin&ry profusion ; in fact tim 
Silurian age was the one in which they culminated ; bein^' 
more abundant then than at any period before or after. In 
the Arctic seas at the present day there are certain small 
creatures ao abundant that when a whale opens its jaws and 
takes in a, mouthful of water, after squirting the water out 
between the plates of whalebone, which serve as teeth, it re- 
tains a huge mouthful of these small objecta. There must have 
been something like this in the ancient Silurian seas, because 
two of these Trilobites, the Trinucleiis and the A/iapkits BuehU, 
occur in such numbers, that entire strata largely consist 
of their remains. We now come upon certain tbing-s that 
we have not hitherto seen. We find, for instance, a group «f 
extraordinary objects, called Graptclites. For a long tinre 
we doubted what these were, biit they are now understood 
to be a remarkable gitiap of Corallines. They were not found 
in the Cambrian beds, nor have we found them at a later 
[leriod than the Silurian. 1 may refer here, whilst speak- 
ing of these OraptoHtes, to the graaX discovery which first 
erected geolt^y into a siitence, and which was made by tba 
veteran friend and tut<ir of my younger days — I mean the late 
fatherof English geology, William Smith. Previous to Smith's 
day the rocka were tmclaaaified, because we had no means ai 
estimating accurately their relative agea. Smith however 
discovered that in all this pite of strata^at all events in 
portions of it as he waa familiar with— each stratum or ^roup 
of rocks poasessed organic remains that were characteristic tit 
I that group, and that were not to be found in any otherv 
t Consequently, jast as when yon disinter some accumulation, 
fc rf buried antiquities, you nee by the stamp upon the ooins 
Hfdietber they belonged to Greek, Roman, or mediteval times, sV 
Wg» geologist, taught by Smith, learned to recognise, not, it i> 
Hjtoe, the actual age, hut the relative age of the rock which htt' 
HtofffKtDed to he inspecting, by meana oS wTia.t m^ (Ai frvowt 
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Dr. Mantell termed the " medala of creation." By this he 
meant the peculiar fossils which that rock enclosed within 
its stony matrix. 

In staict accordance with Smith's theory, when we find these 
Oc^tolite§ we have every reason to believe we are dealing with ' 
Bilniian rocks. In these rocks wb also come across star-lishes. 
Thus you see we are steaJily advancing into the midst of 
things with which we are still familiar in a living stiit*. 
When we reach the middle and upper part of this class of 
rocks we find Corals extremely abundant ; we find remains 
of Corals even among the Cambrian beds ; but when we reach 
certain deposits in the middle and upper part of the Silurian 
system, we have the clearest evidence of the existence of 
tropical seas, because Corals like those that now flourish only 
within thirty degrees of tbe equator, have been aa abundant 
as they now aj^ in tropical regions. The limestone beds cif 
Dudley, in the iron district, are almost entirely made up, in 
some places, of vast accumulations of tropical Corals. But 
besides these, we also find that there has been a rapid develop- 
ment in moUnscan life during the Silurian age ; and not only 
so, but we find here a remarkable development of that highest 
type of molluacan life known by the name of cuttle-fishes. I 
do not mean to suiy that we have actually fo\md the cuttle-fishes 
themselves, but we have found shells which we know must 
have been embedded in the soft tissues of cuttle-fishes. When 
I tell you that some of these shells must have been seven 
or eight feet in length, you may judge what must have 
been the size of the living cuttle-fishes to which they belonged. 
Now mark what this means. EecoUect how compamtively low 
our position still is in the scale of stratified rocks, and 
remember that these cuttle-fishes not only occupy the 
highest position in the scale of molluacan life— that is, the 
life of shell-fish — but that in many instances they appros- 
imata so near, in some parts of their organisation, to the 
vertebrate section of the animal kingdom, as almost to consti- 
tute a connecting link between the one and the other. For 
instance, the cuttle-fish has a brain enclosed in a cartilaginous 
cranium, a brain-pan made of gristle. Now here we clearly 
have an approach to the skull of the vertebrate type of 
animals. Still further ; the cuttle fish has special ganglia, or 
maases of brain, set apart, for the exclusive purf oae of giving 
origin to the nerves of sight. This is piecisftV'^ Nj'oaS. t«RNS». 
in onr own bodies. The nerves oS a\^\. vti "slaa \l<hb.'&sv'wA:^ 
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•jUb frwni two apneiul nervoua gimglia, the " i 

anil W0 fltui two perfmitlj iluitiuct ganglitt. one 

iba brain of thn cuttla-tisb, from wliiuh iUi ni 

[>mi!B«l. ThnM wn iwe that, in more rettpect^ thsn 

RTittln'liitbiniatiil their Inniuneiubls ullieM. not on" 

hil{b puHihinn in tim waile of moUuseaji life, hat 

fiirat a NUipping MtDDi! acmsH tiie bocnulury whi 

thn uuiUiwcii irith the vertebrate animul^. In 

■1(1) not (raly were theme cuttle lialiea repreaesEe*! liy 

< lrthornr:iii, but we find otiiet- external chiuDb«r«>l i»K»ni> rf 

thn «uiio ^nerol type corresponding to tba living- NattfcitiK 

But ve miuft oiivunce yet n iitep Uigher. There h»TB htm 
fnnnil in the nppermust pHrtH uf tlusSiiLnian aorieH of ties " 
the renvuns of Sabaa which ure [net with here for tJw 
time. »ne of the^e liiiheH, the CephiUuapis. so much 
A large Trilnbite in form that, when lirat fonnd, we need iMit 
be Hurpriiieil at its Ituving been mistaken fur ona. FirttHT 
tnvMti^tiDn. however, showed very :^Iearly that it was » ttiM 
ItFth. It might readily hare been supposed thut the L'epiinbu|M 
wiM a umxtucetui in course of development into u fish ; htt 
tlu) poRulIar ah&pe which auggetctH tluH idea is only ona a( 
f.luine ijutwjird resemblances, devoid of real identities, that «i» 
Apt to mialeiul imaginutive minda. When we examine tlw 
'tilfsttiinatinn of tliix oltjeL-t, we hnd thut it had genuine bo^H 
like other dshes, und thut its hiixd strUL'turen were altogether 
lUstinct from the peuuliur inte^mient thut eontjtitated tha 
protecting covering of the cruBtiicBuna. 

But iUHHociuted with tliis CepbiUoapia there uIdo existed in Uh 
later HilinTun days another tiflh. And now comes one of tte 
perpleidng facts which goolojpcal investigation has broog-ht to 
lijfht, and which uppear unfavourable to the doctrinea of d»- 
velopment and evolution. Murchijwn lirst showed that in the 
upper Sil urian beite there esisteJ the remrtina of speciea of abaA, 
and other obBervers liave verified the aiatemeut. WTien w« 
imjiiire what position the sharks oecupy in the scale of fiah-<iigir 
nisation, we learn that they occupy its summit. They posaaM 
at the present day a brain oipinisation which brings Qimm. 
Bxtreniely aenT to the reptiles. There ia every reason to 
wipposB that the partiodar fossil found in these ^lurian beds 
is not only a «h"ik, but that he belonged to one of the highast 
harlo. We have here a seriously .-twkward fiact, 
narently taken a step forw;t<ds. in advancs of 
in these sharks and the lowest forms of fishes 
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e exists a vast series of tishes such as we see m our markets, 
B which have appiireiitly no representatives in this ancieiit 
Iij the first place, if jou take a sahnon or a cod-liah you 
1 see that its vertical tail divides into two nearly equal 
; and if you trace its long vertebral column or backbone, 
■ will see that it terminates midway between the upper and 
B lower lobes of the tail ; but no such fish is to be found in 
f of these more ancient rocks. Before we can find fish like 
ones, so far as the tail is concemed, we umst reach 
BOolitic period. Up to thia point of time all the fishes that we 
T are either aharks, or belong to another great gi'oup, the 
Ooids, of which T shall have to say a word or two presently. 
' BCare, then, I repeat, we have a difficulty. We cannot bridge over 
the gap which connects these sharks with the lower formic of 
ajumal life which I have been endeavouring to describe. What 
future research may do to remove this stumbling-block we 
cannot tell — but at present it does stand as a serious hindmnce 
to our unreserved acceptance of the evolutionary theory. 

But we must now pass another of the boundary lines 
dividing separate groups of strata, when we shall reach the 
Devonian beds; these are a veiy remarkable series of rocke, 
the relations of which have only become intelligible to us of 
late years ; but they will have a special interest for some of yon, 
if, aa is probable, I have some Scotchmen amongst my audience. 
It was from amongst this series of Devonian beds that one of 
the brightest intellects of Scotland fought his way up from 
melding a stonemason's hammer to becoming editor of one of 
the ablest of the Scotch newspapers, and the author of some 
of the most eloquent descriptive books ever written by mortnJ 
pen — I mean the late Hugh Miller. Now Miller, and others 
who followed in his footsteps, brought to light from this 
Devonian series of rocks a very remarkable set of fossils, I 
won't dwell upon the sheila and other curious objects found in 
these rocks, for time is short, but I will call your attention to 
some of the fishes with which he first made ua acquainted. 
One of these is the Pterichthys, an extraordinary-looking 
fellow, with two wing-like appendages hanging by his tdde, 
and covered with an armour of large angular platos that 
jsmind us more of a tortoise than a fish. The Ooccosteus is 
ancther, and if possible still moie curious fish, with a tadpole- 
like head, resembling in shape those black and slimy froglela 
and Dewtlets that dabble at the margins of our ponds in earlf i 
opriiig'. But besides these exainp\eBwaW.v«QA^T\wA&R>2w3w 
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of t.hti (laiioiil fmbBs, in which rbomboidal Bcalea overlap e 
ollinr likt! thc( slutos of n house, and ia whic)i the vertebne | 
of the tiiil mil very Dnnspicuouslj into the apper lobe. 

Tim (rrnu]) Ui which all these fishes belong ia not j-et qntta I 
nxtiiiot. It cDntiniioH to be represented by the boaj p^ J 
(iF Ncirth America, luid u similar fiah, called the Folyptem,,! 




iK found in the Nile and in other rivers of Africa. In addi- 
tion to the scales of these fishes diil'ering from those of the 
cod und sftlmon in outwitrd form, they are also much more 
bony in tlieir intenial etnicture. Ancending through the whole 
of tJiia pile of ancient rocks, we discover no kind of fish except- 

— "ml * *he shark tribe, including their relatives the 

anoid fishes, until we reach the Chalk strata. 



THE SUCCESSION OF LIFE ON THE EABTH. 15 

Latill find in this Devonian bed tlie Ceph&Iaspia, which 
^^led to linger through the earlier parts of the Devonian 
; But, before we leave this age I must introduce to you 
r acquaintance whom I Iwv© previously neglected but 
race begun its career during the epoch of the upper 
IB which we have already considered. He ia called 
i Eurypterus, and is a sort of half-developed lobster. He 
V to the stature of a,n adult, whilst he retained some of the 
organisation of his earlier life. He seems as if his limbs had 
Korgotten to grow along with his body. But when I tell you 
niiat he was often six or seven feet long, you will see that he 
~XPOuId atlbrd an excellent dinner to one of the lobster-loving 
whark» of that ancient date. He disappeared entirely at the 
«;IoHe of the Devonian age, and there has been nothing like him 
since. I suppose the sharks of that peiiod ate him up, and 
"there was an end of him. " We shall not look upon his like 

Thus far I have made no allusion to the vegetation existing on 
the earth We find vague traces of plant-life in the Silurian and 
Cambrian beds, but, so far as we can ascertain, those plant- 
remains are merely fragments of seaweeds ; we have no very 
definite evidence of anything higher than seaweeds existing in 
those older days. For a long time we were equally unaware that 
any higher flora lived in the Devonian age ; but my friend Dr. 
Dawson, of Canada, has, within the last few years, revealed to 
xm the existence of niagnififent forests during this geological 
period. This flora corresponds very minutely in all its general 
features with that seen in the coal-beds sorrounding Manchester. 

For instance, we find in it extraordinary Catamites, huge 
plants allied to the horsetails of the present day. Then it con- 
tained Lepidodendra, gigantic representative of the dwarfed, 
living club-mnsRes, hut instead of creeping along the ground, 
and barely lifting their beads twelve inches from the 
soil, these were magnificent trees, rising lOIJ feet into the 
air. Then we also had a rich array of fenis. We muat 
not overlook the notable fact that in these Devonian beds thia 
wonderful flora, bursts upon us with almost the suddenne«ii of 
a, flash of lightning. Most of its plants are what botanist* 
call cryptogBJnic ; that is, plants that have no flower*, 
merely develop what are termed sporeii, and not troft 
Bnt side by side with them we find a wonderful iiitfkKf 
coniferous plants, allied to the tribe of pinec and fin, a 
which we know to be flowering and need b««.nnf, ^u>sl^* V 
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jtliey are fiowering plants of a very peculiar type. Whether 
we may conaiifer them as having a higher or lower ot^aniaa^ 
tion than oaks or elms, is a point on which opinions differ} 
but our best botoniatfi incline to regard them as conneeting thi 
oryptogamic Lycopods on the one hand, with the flowering tro 
on the other. There exists no evidence showing that any of oi 
ordinary forest-trees grew on the earth in this Palteozoic ag 
Up to the close of this vast j>erind the flora was confinei 
tpparently to these cryptogiunic plants and conifers. We miu! 




not overlook the notuhle fact that this wonderful flora 1 
suddenly upon us. We have yet found no indications of ^ 
previous and loss highly-oi^anised flora, out of which i 
under consideration might have been directly developed, i 

ne time it is possible that some such may have e 
IKthout any traces of it having been preserved in the 
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Carbomferoits bede, that is, to the group of strata to which our 
British coal-measures belong. These, of course, are beds that 
interest us in every sense of the woi-d, and were I to deal fully 
with them it would take an hour, even to clear the ground. 
I need scarcely say that the Oarhoniferous age has left rich 
bleaainga to mankind. Though it is not the only geological 
period which has supplied the world with that invaluable 
article of fuel which we call " coal," it is undoubtedly the 
period in which the finest and most widely diffused beds of 
coal were accumulated, and consequently our manufacturing 
interests owe more to this than to any other series of 
deposits. Not only is it our chief source of coal, but it is 
also that from which we draw our most valuable supplies of 
iron. 80 that here we get, side by side, the raw materials for 
the construction of our machinery, and the fuel by which that 
machinery is to be worked. At the time when the coal-meaaurea 
began to accumulate our country exhibited very different 
outlines of land and sea from what it does now. If we go 
to the lowest of these Corbonifeious stiiita in Western York- 
shire and Derbyshire, we there find the rocks in the shape of 
grey limestones— the Derbyahiie limestone, with which most 
of you are familiar, and of which you make use in building 
your garden-rockeries ; on visiting Derbyshire you see these 
liniflstonea, rising on all sides, constituting the vertical cliSs 
that add such a charm to Derbyshire scenery. The fossils 
which they contain show that these limestones have been accu- 
molated in a deep sea, which covered Derbyshii'e and the 
adjoining parts of Yorkshire. But when wa cross over 
into Fifeshire and the neighbourhood of Edinburgh, we find 
that these thick strata of marine limestones are altogether 
absent. Whilst Derbyshire was deep under the ocean, 
there flourished in North Britain magnificeut forests, analo- 
gous to those I have been de.'tcribing as existing in the 
Devonian age By and by, however, in our midland part of 
the countjy, the sea gradually became filled up with its accnmu- 
lating orgianic sediment?, in addition to which it is probable 
that the land itself slowly rose, and after passing through a 
transition period, in which sea seemed to sti-uggle with land 
for the mastery, we arrive at what we call the Mountain caul 
nines. These are a seiies of very thin coals, which run along 
the hill-sides of Halifax and Oldham, and one of which, cute 
horizontally through the top of Rivingtou Pike. t-^wc^XiiA 
of this coal represents the beginniiigs ot ai\ KiuAtni.\.VnH^. ^^ 
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yet the forests of this district evidently h»d not attained to 
any prolonged dunttion, as is indicated by tlie thinness of 1^ 
coal seams ; but when we rise a little higher we come to the 
rich oonl-mines round Wigan, such as the Arley mine and 
othere, with beds of coal from five to seven feet thick, and 
which iiave been entirely produced by the decay of the leaves, 
bmncbe»4, and prostrated trunks of the forest-trees which 
WMniiniilated on the ground where the coal-beds now exist. 

We have now reached dry land and forest life. There it 
evidence amongst these beds that not only did plants grow, bnt 
that liLnd-shells Nourished under their shade ; two land-shelb 
having been found in coai-beds of this age in Canada. 0» 
is a true snail-shell, and the other is a Pupa — a genua of 




inuld flail fnini Ihe coal measures iritb the " bBtarocorcil " t»ii, i,t,, having 

\ moUascs allied to the snails stilt found living in our own 
t woods. If you weie to examine the trees growing in 
I damper parts of Bowdon Woods I have oo doubt whatever 
I; that you would find shells of the same kind adhering to their 
F bark. We have also clear evidence that insects abounded 
I Kt this period. Spiders, too, were not wanting, spidera of Uagfi 
[ jgize having been foimd in some of the ironstones of this Cai^ 
j'luiferous age. Numerous shark-like fishes were associated 
rith equally numerous Ganoid ones in the deeper waters, all 
■ fishes having the " heterocereal " tail of Pig, 5, which 
■uta a Ganoid from the coal-measuiea. In the marshes 
■riee there existed numerous Eatrachians, or rep- 
to the frog and newt ■, bat some of which most 
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have been almoat as large aa crocodiles. Combiiiiug all thi 
facts, we find that so far il8 animal life ia concerned we 
steadily rising in the scale of oi^anisation, and approacl 
nearer to living types; but so far as vegetable life ' 
we are still in the same position aa we occupied lit tne 
Devonian age. We find now that amongst the trees there 
still ai-e gigantic horsetails, lelatives of those which you see 
in oni' ditches and ponds at the present time ; the latter 
plants are generally not more than a foot or eighteen inches 
high, though occasionally reaching to four or five feet : of 
which size I have found them in the damp parts of Derby- 
shii'e. But what size were these fossil "Calamitea"! I have 
specimens of these ancient horsetails in my cabinet that 
must have been twenty or thirty feet high, and with stems 
nearly as thick as my waist. Then we have the plants already 
refened to as allied to our club-mosses. I mean the Lepido- 
dendra and Sigillariie, and we find that they often rose to 
100 feet in height. We have in the Owens College museum 
a carofully-made cast of one of these huge stems, discovered 
at Dixon Fold, on the Manchester and Bolton Railway, and 
which meaaures twelve feet in circumference near its base. 
How very peculiar must have been the aspect of forests com- 
poeed of such gigantic cryptogams ! 

Thei« was also an undergrowth of ferns and smaller hoi-se- 
tails, with here and there a few Tree-ferns vainly aspiring 
to rival the aristocratic Lycopods that towered above their 
heads, and on the drier uplands the pine-forests appear io 
have flourished apart from their cryptogamic neighbours. 
There is evidence that the climate of that Carboniferous age 
was not that of our temperate i-egion. We have reason to 
suppose that it was a warm one, but we have no proof that it 
was tropical in its character. Whatever it was, it was the same 
in Greenland, in Central Europe, and in Australia, since in all 
these remote localities we discover similar fossil plants in 
the Carbonifei'ous beds. There must have been a peculiarity in 
the physiognomy of these Carbonifeiuus forests. No flowering 
plantSigave local colour to the landscape. There were no giussy 
meadows covered with daisies and buttercups, or rich moor- 
lands glowing with the purple and gold of heather and furze. 
The entire aspect of the vegetable world must at that time 
have been something like what Mr. Wallace tells ua is so i 
characteristic of tropical forests in the iptBieTA, ia."^ , NiVsv* ■**■ 
see every shade of green. The eai'tt* \b \aj4.fttve>i. ■«N"Ai *■•■ 
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luxuriant vegetation which it aupporta, but yoa have no 
maHsea of flowera giving distinctiTe colouring to tJie limiisoape. 
You have, it ia true, individual trees that are rich in their 
CorgeouH bloom, but they are isolated and lost iii the verdant 
expanse. Such also must have been the hue of the woodla&da 
which ilouriahed in the Carboniferous a^'e. 

As we asceud through the Carboniferoua rocks we find that 
marine objects become gradually fewer in numbei'. In the 
older beds a great many of the types of shells that charac- 
terise the Silurian and Devonian ages still Sourish. We find 
Corals and Ehicrinites ; we also discover a few small Trilo- 
liit«s which still linger, but which now take their departm 
and we see them no more ; but as they disappear we have 
evidence that their place is being taken by the living Cnia- 
tiiceaus that may be regarded aa the nearest relatives of 
these Trilobites— I mean the curious Limuli, or king-crabs, 
now found in the tropical parts of the world. The king- 
crab, which exists in the seas of many tropical regions, is 
very like the Tiilobite in its structure and geneial appearance : 
and the advocates of evolution would contend that the king- 
• crab waa evolved from the Trilobite. Ee this as it may. I can 
only say that we have the last descendants 'of the expiring 
Trilobites pi-eaerred in the Carboniferous rocks, and, side by 
side with them, we have the Limuli be^noing their race of life. 
The former are the latest of all known Trilobites, whilst the 
latter are the earliest of all known king crabs ; but there is 
the slightest indic^ition of any transmutation of the one into 
the other of these two fossils. Of course it is not impossible 
that there may have been embryonic links establishing a 
transition from the Trilobite to the Limulua, but geology gives 
no evidence whatever of the existence of such links. The 
Limuli are veiy definite in their shapes, and cannot by any 
stretch of the imagination be made to merge into the little 
worn-out Ti'ibiblte that was evidently coming to the end of it*. 
days. 

Above these Carboniferous i-ocks we have a group called the 
Permian beds, upon which I will not dwell long. If you go 
ti) the neighbourhood of Oollyburst, ne.ir Manchester, yon will 
probably still find tiwces of an old quarry, called the Vaushall' 
quniTy. That quarry was well known thirty years ago, because 
it was from it that the Manchester iron foimdera of ttiat 

■W olitaineJ sand for constructing moulds in which to 
s their iron castinga Now that aa-oiaWnB -cea^A -aigon. 
T% 
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the coal stratti, und forms the buee of thitt Permian i^er'e» of 
rocks. Then there were found, not far from Vaushall, ii few 
thiu layera of limestone ; and in the neighbourhood of Bedford, 
near Worsley, these limestones aie a little mwe fully develojed. 
These limestone rocks contained peculiar foseil shells charac- 
teristic of the Magnesitin limestone, which is a member of the 
Permian series. 

On going eastward across the Lancaj^ihiie hills we come to 
a series of beda of yellow limestone, which you will pee in 
cuttings in the neighbouihood of Wakefield and Noimanton ; 
these again are the same Magnesian limestones as thot.e 
thinner ones fonnd in Lancashire. When we leach Durham 
we find this Eame limestone titill further develofed, attaining, 
in that district, a thickness of something like 500 feet. It ia 
obvioiiB that the sea, in which these limestones weie deposited 
was a tihnllow one in western Lancashire, and deepened as we 
approach the Durham coast This Magnesian limestone— so 
called because it contains a small percentage of ^lugnesia 
noised with calcareooa matter— is rich in fossil remains. 
Many of these remains ate peculiar. They ate fossils that ne 
have not found in the Carboniferous beds below, or in the 
Triassic beds above ; some of these Permian beds are often 
exceedingly rich in the remains of Ganoid fishes ; but though 
the species are distinct, tba types are similar to some 
found in the Carboniferous strata, . . . The chief importance 
of these beds to us now is found in the circumstance, that 
in the neighbourhood of Bristol the remains of I'eptiles of a. 
higher order than any we have hitherto met with have been 
found in them. These reptiles are pai'tly allied to the 
lizards, and paitly to the crocodiles. 

Thus we see that so far as we have accomplished our ascent 
from the lowest to the highest strata, race has been supplanted 
by race, generation has followed generation ; occasionally we 
have eeen evidence that seemed to indicate the existence of 
links connecting a departing race with another that succeeded 
it; suggesting the possibility of a gradual tiansition having 
taken place from lower to higher fonns as years lolled by. 
There are also broad general indications of an upward pi'ogieas, 
shown by the introduction, from age to age, of animals having 
a higher organisation than those which preceded them. But 
noth withstanding this we are oblige^I to admit, that when 
viewed iu minute detail, the rocks which we have exsnu&ed. ( 
give bat a very limited support to tlie ioctonna lA «NOi.ijKtf*^- 
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I will not dwell upon this subject now, because I shall have 
to give you a slight resume of the matter in the concluding 
lecture of the series. I have thus far guided you only through 
the Palaeozoic series of rocks ; and that but hastily and imper- 
fectly, because of the limited time at our disposal. I have 
only been able to give you a bird's-eye view of the country 
over which we have been travelling ; trusting that you will 
again go over the ground by yourselves, and in a more detailed 
and leisurely manner. 




LEOTUKE n. 

In my last lecture I conducted you through what is called 
the Palfeozoic period of geology. Von will recollect I pointed 
out to you, in that lecture, that geologists roughly divided 
the time, during which the earth has been undergoing geological 
tranaformations, into three great ages : the Palteozoic, or 
arOoieat age ; the Mesozoic, or middle age ; and the Cainozoic, 
or recent age. 

The Palteozoic uge, which we dealt with last Tuesday, is 
characterised equally, as wo saw, by the creatuies which hved 
in it and by the croatui-es which did not then exist. We 
found that there were special types of living things which 
flourished, more or less, throughout even the later portions of 
that age. But we now cross a boundary line, beyond which we 
Snd evidence of a great change. I do not mean to say that 
all the genera we shall meet with are wholly new, because 
such is not the case. On the conti'ary, there are large numbers 
of types and patterns that appeai'ed upon the earth in the 
earliest portions of its history, which never passed away again, 
and which are living at the present time ; but, whilst this is 
perfectly true, it is equally so that, at the boundary line we 
arenowcrossing, like passing from one hemisphere to another, 
we leave behind many things that we have become familiar 
with, and ale bi'ought face to face with new forma of 
oi^nic life. The boundary line of which I now speak comes 
high up in the scale of rocks. Judging from the immense 
pile of strata through which we have ^ready ascended, you 
might suppose that we v/eve arriving near the end of our 
journey. But this is very far from being the case. You 
will learn, as we proceed, that, though the thickness of the 
remaining strata is insignificant, the interest of their organic 
contents, and the vast changes which those organisms have 
Undergone, becomes increasingly remarkable. There seems to 
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, have heenii marrelloiu ()iuckenuia in (hapown- 

liie :>» the trorW (^rcw ilder. Dvxrai^ rhe ^uuiier 

G PakeoEoic -.x^. the prucri'eaBive developmeiic t:fanC timk 
place lulvnnced much more -dowlv thaji It 'lid rotnurds tia 
olose~-iuiil we Hhall lind tbu after f^ntermi; upon. th» 
pviod. i.he rafuditr witb which, tbw . level opinenc 
hecomaa more a^d more marked lU time Hjlvonces. 

Leavinf^ the Pahtoxoic rocks, we i^ome tn the !p««» <)£ tba 
Maaozaic n^es. represented by whut iLie calieii. thi 
famtotions. These iire Fitrata with some <it' which 
the opportonitT nt hecominK ■jolficiently famiiiaj. 
nmac ^^aospictioaa it' thorn, is that red aaadjjtoni 
see exienditiG in ^o toany ilireetiona ^Lroond. .Mandiest^ btf 
eapeciallp nhraoEhom the wiiole plain of (.'heahire. The a 
tiatulstoTie. and the tnaiis that smmuant it. ate f^peciaJIf rii 
:ick salt which ia vtxCiacted h-Dm the nalt-tmnaB 
[ Nnrthwich iind TOrious pither purta of (.'heahiro. BtaE it 
I two with the phymcal ^uid inorgamc fottnres of this uga tii 
W» hace now to ilo. 

At the same time I imiat jast mentioa that tbare Safes' 
the middle of this Reries of TriaHttic rocka 
I ooinpartttivelY thin linjestone-hed that ia riuh in foaal 
I The ot!cnrroiice of thia - Mnschelkalk ' is rathut 

! we iiapprai to Imve in Britain 
I of this fltnttUDi. ^md. tint for ita existouce elsewhere. 
I lm«« b«en very i^oiant iif much i.if the life of t 

Thp Tria«aic mcks seen m Elof^land iue ejcttutnely 
[ of foMiila. A.t the !>ame time they do afford us .swne : 
I mMum which we itholl tind to be ^ii^ticant. Ia tha 
I jiocB. the Kunvhelkalk teila <ia that the tamily 

"ilreprfisented : all the types of this group whiidi aie 
> atKiiuiuii: in the Paiieosoii; beda have disappearvd ; 
'>f thixte numeroua ^ipeciea have become ustincti 
r piiuw, in thia <Terman MnsRhelkalk. which. 

plmn Enjfliah. merelv m^ns " shelly limestone. 
n new Kncrinite. a true member of the i.'rinoidal 
Y«e lUto^fetber different from those whose platn 
TEn quflntion inevitably nrises. '■ How ami wheucs 
^ E^rinite come I " It is very <listinct from 

Ueetms mnk« ; mw^y preeervinj; the generalp 

nordini; to which they are all t^onstmcted ; 

t it with any of the extinct forma 

•■ it ba« descended iUrectly from theu ; 
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ij isolated known representative of the vaist race whose 
place it has taken so far as the Triassic strata are concerned. 

Then there are shells peculiar to this age. but I need not 
dwell upon them. Most of them are merely nseful to the 
geologist in helping hiu to identify the particular roefc that 
he may happen to be examining. But the case is different 
when we turn our attention to some extraordinary creatuiea 
which, in all probability, once roamed over the very spot where 
you are now sitting. The history of these ereatnrea is decidedly 
peculiar. In the first instance there were found, at Corncockle 
liuir, in Scotland, some slabs of sandstone, tbe surfaces of which 
exhibited impressions of what were evidently the footsteps 
of four-footed creatures. The.se impressions were generally 
found on marls that were covered over with a bed of sandstone. 
The impressions in the clay were hollow, and of course the 
sandstones that filled up these hollow impressions were in relief. 
livery soon became clear that, whatever tbe creatures were to 
which these marls owed their existence they had been living 
things that had walked upon a half-sandy, half-muddy tidal 
shore, and had left their footsteps as they travelled along, which 
footsteps had become hardened by the sun before the returning 
tide was able to wash them away. These impressions afterwards 
became covered with layers of sand, which protected their 
sh&rp outlines from injury, until they were once more brought 
into daylight by the labours of the quarryman. We have 
strong reasons for concluding that these footsteps were 
formed on a tidal shore, and the evidence that leads us so to 
conclude is of a kind that is perfectly available to every 
Uanchester man. As you walk through the streets of 
M&nchester you may have noticed the difference between 
the flags of our pavements and those you tind in the towns of 
western Yorkshire ; for whilst those of Yorkshire are almost an 
Bmooth as the platform upon which I stand, those of Lanca- 
shire are rough, often marked with irregular, wavy ridges and 
furrows, not altogether comfortable to walk upon. Now what 
do these ridges and furrows mean ! You can easily ansiwer 
this question for yourselves if you recall the similar irregu- 
larities constajitly left by the retiring tide on the sands of 
Soathport and Blackpool. Wben tidal waves are moving 
slowly over a layer of mud or sand, some remarkable move- 
ment of the water, that is not clearly intelligible, produces 
these ridges and furrows. The sandstone from which we have 
obtained these fossil footsteps often exhibits tidgBa».ii.4.1iiivyN% 
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age. Not only have magnificent skulls of this creature been 
found in the coal-beds near Olaagow and other places, but 
impressions of his footsteps have been found, similar to 
those belonging to the Triaasic period. Owen's naiue o£ 
Labyrinthodon is now generally identified with this strange 
creature, in which science, art, and commerce, meet very 
Btrangely together. When Owen obtained the liret of its 
teeth, he found in transverse sections of it the labyrinthine 
structure, to his figure of which I have already called your 
attention ; very shortly after that drawing was published it 
reappeared in Manchester, forming the centre of a printed 
pocket-handkerchief ! 

Even in England the footsteps of several other reptiles 
appear along with those of the Labyrinthodon. Some of these 
footsteps look much like those of tortoises, but whethei' this is 
really the case or no, we are not sure. In some limestone beds 
Dear Bristol thei* have been found the bones of some reptiles 
of unquestionably higher organisation than Batrachians, whilst 
at Elgin, in Scotland, besides a small lizard-like animal, the 
remains of a huge crocodilian creature have been disinterred 
from beds which are now generally admitted to be of the 
Triasaicage. 

However remarkable the footsteps of our British reptiles may 
be, they are insignificant compared with what occur abuH' 
dantly in the United States. Such footsteps have been found 
there in immense numbers, and of at least twelve species of 
lizards, tortoises, or turtles, and Batrachians. But here another 
type of footstep abounds — viz. those of at least thirty-two 
species of three toed bipeds, believed to be those of birds like 
the ostrich — but some of which must have been four times as 
large as the living ostrich, and yet of the actual remains of all 
these numerous creatures no fragment has yet been discovered 
in the sandstones of Connecticut. 

Turning to the Triassic plants, we discover that the old 
Coniferous species of the co:%] -measures are gone, and are 
replaced by other forms, such as the genus Vnfuia, which is 
altogether new. We do, however, find in theseTriassic beds some 
representatives of the Calamitea, or ancient horsetails, which 
are so common in the coal-measures, but they are feeble repre- 
sentatives of their ancestors. As these ancient horsetulB . 
disappear, their place is taken by the true modem hotijetails, ] 
which we find for the first time in the newer Triassic rocks of 
the neighbourhood of Straaburg and e\Bew^^«ix«. 'S^&esSv'^i^ 
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fossil genua Equisetites, to distiiiguiah it from the living 
eetuma ; but I have no doubt, both from the organisation of iti' 
atem and the pectiliaritieB of its orgojia of fruotitication, that it 
IB a true horsetidl, differing chieSy from the living ones in thi 
large size to which it attains ; instead of the diminutive plod 
we now find in our marshes, it grew to a height of twenty el 
thirty feet. Interested in the origin of this Equisetites, I m>d( 
a journey to Straaburg to examine the specimens in Froteeon 
Schimper's well-known StraBbnrg museum. I wanted to 
I could detect anything in the Triossic Catamites, found in 
district, that would show a transition from the CMamitian ty|| 
of the coal-mwiaures to this Equisetaceoua type ; but I could 
find the least indication of transition from the one to the QtheK 
The charaeteristicB of each of these two appeared to 
fectly delinite, and not in the least to merge into each othefi 
Whether any transitional form ever will be diseovei'ed, unitdii| 
the ancient to the modem forms, remains to he sei 
present geology reveals no such transition. The old 
we found to be most abundant and widely prevalent throogl 
the age of coal, as well as through the Devonian period, now dwi 
out under the inSuence of agencies unfavourable to its continued 
life, and a new one takes its place, coming we know not how 
whence. 

"We further find in these Triassic beds traces of a grotqr 
of semi-tropiciil plants called Cycadete, which do not occur in 
these temperate regions, but which aboimd just outside the 
tropical zones of both the Old and New Worlds, where the 
ferns, India rubber plants, and pepper-trees flourish. Re 
investigations have made it more than probable that some ol 
these plants flourished in the Carboniferous age. 

But I must now cross another of the boundary lines 
eeparate one age from another. We pass from the Triassic M 
the Oolitic strata. At this point of transition we meet with 
some new phenomena. In the first place, there have 
found in two or three parts of Europe — including our owS 
country — some fossil teeth of a true mammalian quadrapeA 
and found so near our last boundaiy line, that opinions beM 
differed as to whether the fossils belong to the Oolitic r 
above or to the Triassic rocks helow. We have hitherto 
no representative of this division of the animal kingi 
_ Hence, so far as we now know, this " Microleates," as th; 
tijre to which these teeth belonged is called, is the oldeafi 
a mammalia. 
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^^ It is somewhat dangerous to attempt to reaeon from a few 
solitary teeth as to the nature of the animal to which they 
may have belongei] ; but the probability is that it was either 
a. Marsnpial ci'eature, that is a, creature somewhat allied to the 
(JpposuBiB of America and Australia, or if not that, to some 
animal of a closely-allied type. I shall have to refer again to 
the questtion of Oolitic mammala aa we pi-oceed ; I merely 
mention it now because of the position in which these remains 
were found. For some time after the discovery of this animal 
it was generally regarded as an Oolitic fossil, but later investi- 
jtations indicate that it really belongs to the upper part of the 
Trias ; be that as it may, it constitutes the first known example 
of that profuse mammalian life that is now so abundant on the 
earth. 

Before actually crossing our new boundary, I must call your 
attention to a most extiaordinary and anomalous state of 
things existing at two localities in South-eastern Europe. I 
have told you that thi'oughout the world many of the Palwo- 
«oic types of life disappeai^d even before the close of the Triassic 
age ; but at Hallatadt and St. Cassian, the Falteozoic and 
Mesoaoic ages seem to have overlapped in a most exceptional 
manner. We have found nothing like it in rocks of this age 
in any other part of the globe. At these spots we find many 
of the Silurian and Carboniferous types, which we thought 
had disappeared altogether, intermingled with some of the 
most characteristic fosaila of the Oolitic strata^a combination 
which is altogether of an exceptional character. 

These Oolitic rocks are so designated because they contain a 
large number of limestones made up of tittle rounded granides, 
which resemble the eggs, or what you commonly call the roe, 
of fish. So close is this resemblance, that you might imagine 
lumps of limestones to be the petrified ova of some fish. We 
now know this is not the cise ; these little rounded atoms are 
merely the results of mineral ehangen which the rocks have 
undergone after their original accumulation ; we can observe 
similar " Pisolites," as they are called, forming in " Tra- 
vertins," or modem calcareous accumulations precipitated from 
hot springs in several parts of Italy. 

The Oolitic age has been very appropriately designated the 
"age of reptiles." It certainly was a [wriod in which reptiles 
were the dominant creatures ; and auch is often their peculi- 
arity of form that we may say to each, 
" Tltau Domest in suc^i a 
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When you examine the extraordinary things represented b 
my diagrams, I think you will admit that tliis Shakespearial 
pasaage ia strictly applicable to them. Were I to descrifa 
all the forms of animals that occur in this Oolitic age, ' 
should detain you longer than our time will admit of n^ 
doing ; so I miu<t select certain salient ones upon which t 
dwell. We still discover remains of the lower form of anima 
life, such as the sponges, star-fishes, and Encrinites. Th 
various types of marine shells now multiply in a very rapidlj 
increasing manner, compared with what we found to b 
the case in the rocks lower down in the geological scale 
Not only so, but every individual species that we diacova 
ia new, and, in many cases, the large groups of species whid 
we call (/enera are equally new. I will give one illostratiol 
of what T mean. I spoke to you of the Brachiopoda, those ei 
traordinary sheila which are so abundant in the Cambrian 
Siliman, and Carboniferous ages. There are certain of thes 
Brachiopoda represented by two well-known genera, whiol 
1 the centres around which many other similar geaer 
1 grouped ; I mean the genua Produetns and the genu 
Spirifer. Now these two names represent two vast group 
of species of shells, which occur in enormous number 
in the Palseozoic beds ; but they have all gone out Q 
existence, with the exception of one or two solitary form 
that have just survived long enough to reach the bas 
of this Oolitic age where they finally disappear. Ascend 
ing to the higher moUusca, we come to a very remarkfibli 
change in the opposite direction. I spoke to you the othol 
day of the existence of Outtle-fishes in the ancient age, am 
pointed out that even in the Cambrian and Silurian beds w< 
had sheila that unquestionably belonged to that group 
molluscs. There is living in the sea at the present d&] 
esjjecially in the seas of the Malay Archipelago, a well-kno")^ 
shell, designated the Nautilus. This Nautilus htu a spirt 
shell, with numerous transverse partitions dividing its interis 
into a series of chambers, whUst the animal constracting th 
shell resides in a Large terminal chamber. This means tha 
originally there was but one chamber, in which the very yotui 
mollusc lived, but as the animal grew it enlarged its shell i 
make room for its growing body. If you look at the outlin 
of the soft animal you will see that he has a rounded baai 
and that for it to have dwelt in the open mouth of a taperiq 
3avity, where there was nothing to prevent his being incoi 
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Traientl^ pressed backwards into the narrowing portion of a 
spiral cone, must have been far from comfortable. We should 
be in a similaF position if required to Bit in a large chair, the 
Be&t of which was made like an inverted estinguiaher. But 
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the Kautilus escapes from this uncomfortable position by ahut- 
ting off behind it such portions of the shell as are too narrow 
for its body ; it effects this by eonstraoting a transverse partition 
of shell, the concavity of which fits accurately to the outline of 
the posterior part of its body. In whelka and ^eriwiokis^, -ao 
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arrangeme.iit ie needed, since, in them, the animal always cone- 
upends in length and fotm to the entire cavity of its ehelL Tbe 
animul which makes itself comfoi'table in the way deseribedi* 
merely a, modified Cuttle-tish. There are two great graops of 
tbe^e cirea^turea, both of which are represented in a fossil atat« 
— viz. those whose shells enclosed their bodies, as in the Nautiliu 
— and those whose bodies enclosed the shell, as in most of the 
Cuttle-fishes. Both these types abound in the Oolitic rocks. 
In a few cases the entire Cuttlefish, with its contained cham- 
bered shell, is perfectly preserved. You will remember we believe 
this to have been the position of the gigantic Orthocene, met 
with in the rocks belonging to the Carboniferous and Silurian 
ages. That gigantic Cuttle fishes formerly existed is probablB 
enough, since a huge one has been discovered on three or four 
occasions living in the Atlantic, of which the body and anni 
together are more than thirty feet in length. 

The study of these Cephalopods, as the entire group of 
Nautili and Cuttle-fishes is called, affords an interesting Ulus- 
tration of the progress of life on the globe. In the Cambrian 
and Silurian ages we had true Nautili and Cuttle-fishes, ant' 
in the Carboniferous age we again find similar objects 
but associated with the former we now find a new uautiloid 
shell, called Oonintites, to be very abundant. There is a bed 
of ironstone, called Canister running through our Yorkshire and 
Lancashire uplands, which is full of these Goniatites; this genua 
is essentially characteristic of the Carboniferous age. When 
we come to the Triassic age we find that the Goniatit«s are gona, 
and are now represented by another genus, the Ceratitea. On 
crossing the boundary separating the Trias from the OoUtas, 
we find that the Ceratite has disappeared in its turn, but w» 
find in vast numbers, associated with true Nautili, creat 
known by the name of Ammonites. These Ammonites 
spiral shells, like the Nautilus, with this difl'erence. that whils 
the divisions between the chambers in the Nautilus aresimidy, 
conoavo convex, in the Ammonites their surfaces undulku 
extraordinary manner ; so that their margins, eis sv 
the surface of the fossils, look more like the foliage 

tree than anytliing connected with molluscan life. 
Ammonites accompany us all through the Oolitic period . 
the Liaasic rocks up to the top of the Chalk which surmoonta 
the Oolitic pile of strata,. theyare extremely common, but 
are confined to the rocks of the Oolitic and Cretaceous 
liated with these Auunonites throughout the si 
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|B^&d true Cuttle-fishes, and also curioua fossils, which have 
long been known to the provincial mindas ''thunderbolts." In 
ahftpe they remind us somewhat of Sir Jos. Whitworth'a pointed 
shot and shell. Formerly it was the popular belief that every 
tiash of lightning was accompanied by the fall of vt " thunder- 
belt;" and the ignorant multitude identified these oblong 
fosails with the supposed electric product. They are, how- 
ever, merely chambei-ed shells, somewhat like the Piilaiozoic 
Orthoceras, but in which the chambered portion occupies only 
the upper and inner part, whilst the lower part is weighted by 
a solid, investing, semi-crystalline mass. 

Ja the Cretaceous period other Nautiloid forms known as 
Hwnites, Ceratites, &c., abound — forma only found in the 
Cretaceous strata — but on entering the Tertiary age all these 
Oolitic and Cretaceous types pass away leaving only forma of 
N&atili and Cuttle-hsheB, similar to those which still flonrisb 
in onr existing seas. 

leaving these moUusca and advancing to a higher stage, we 
oome to fishes and reptiles, and here it is that the marvels of 
the Oolitic age begin to present themselves. The fishes are 
still confined to the two groups,, the Ganoids of Agassiz and 
that containing the sharks and rays, but in many of the 
Gfanoids we now find, for the first time, the posterior extremity 
of the vertebral column terminating on the centre of the tail. 
(SeeF%. ».) 

It woidd be vain to attempt to dwell upon a tenth part of 
the reptilian forms that characterise this age ; I can only 
seleot a few of them. The seas in which these reptiles lived 
were probably tropical, since, in many parts of the range of 
hills ext«nduig from the coast near Scarborough to the banks 
of the Severn, we find the limestones abounding in corals of the 
tropic&l type and not nnf requently existing in the form of true 
ooral-reefs. One of the strangest of the reptiles is the Ichthyo- 
tanms j a formidable creature of great size and power, aquatio _ 
in its habits. When I tell yoo that he was often from 20 to 
feet long, that I have seen the teeth three inches in length, a 
that his immense head is furnished with long rows of them, ym 
will admit that he is not exactly the kind of creature one would 
like to encounter when bathing. Associated with this gigantic 
fdlow, was the gentler and more graceful animal called the 
PlesioBannis, He lived in the same seas, and was, like the 
Idithyosaurus, an aquatic animal ; both of them were cami- 
VQFOua ; of that there is no douht, because in aoma oi U^ia 
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•peeimntis, we have actually found i 
Mtoimu^h onght to have been, the n 

1 cftD thuH identify the tiehes upon which they fed. Laannc 
these great IchthyoBaurian reptiles. I come to another hoge I 
creature known by the name of Megalosaurus. This \ 
gigantic land reptile, constructed somewhat like a kangaroOi I 
with the hind liniba prodigiously large in proportion to the | 




fore ones; whether these gigantic hind limbs wer 
for leaping or for running we do not know. Another 



.ning the whale-like sauriaitil 
8 ia preserved in the Oxfop' 
This creature was evidently built in the heavy 
time there is no doubt he « 
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find the remains of several other sauriaikB, including those of 
a Teleosaunis or crocodile, with a long and narrow head and 
moat. It BO happens that this creature has left a very near 
relation in the world. Those who have visited India and 
dipped into the Ganges may know something of the Indian 
crocodile, known by the name of the Gavial, which is extremely 
like the Teleosaurns ; the latter was doubtless au amphibious 
(Teature, equally prepared to take a meal on land or in water, 
wherever he could best catch one. Still more marvellous is 
the Pterodactyle, a huge flying reptile whose name merely 
means that his digits supported wings ; and there is no ques- 
tion that this creature was a real flying dragon ; probably the 
only real flying dragon the world ever saw, since those of ancient 
fablee certainly have no existence. When this fellow's wings 
were outspread they sometimes measured fifteen feet from tip to 
tip. I think you will say that the Roc was not more likely to 
alarm poor Sinbad the Sailor than one of these Pterodactyles 
would have done had it swept past him into the valley of 
diamonds. When we come to the Wealden beds, which are a 
local group intermediate between the Oolitic and Cretaceous 
series, we find these Pterodactyles associated with another 
wonderful group discovered by my old friend, the late Dr. 
Mantell, the well-known Susaei geologist. These new forms 
correHpond with the IguaJaa, a large lizard found at the 
present day in the West Indies. Here again gigantic size 
characterised our objects. I remember Mantell showing me, 
in his collection, a thigh bone of one of these lizards, which 
was four feet eight inches long, and of proportionate thickness, 
even in its imperfect state. Now realise what that means — a 
lizard with a thigh-bone four feet eight inches long. If you 
examine the thigh-bone of any living crocodile, you will find it 
less than a foot in length. From this comparison you will be 
able to estimate the proportions of these ancient monsters. I 
have in my own cabinet a fragment of one of these thigh-bones, 
the diniensions of which when entire must have been even 
greater than those I have named. Remembering the above facts, 
I think you will acknowledge the perfect appropriateness of the 
declaration that the Oolitic and Cretaceous rocks belong to 
"The Reptilian Age." But we have not yet done with the 
animals of this period. At Solenhofen, in Bavaria, whence 
t get our lithographic stones, the skeleton of a. bvEd.W»- 
~~ ' sen found. The notable leat^ire tA t\u.s\AT4\a ?»eG\o- 
wbjch was long, slender, and W-peiiQ?,, terciti&.ti% 
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of the tail of a livArd. If you examine living b 
will tind that, in erery case, the bony members i 
tails nre not only short and compact, but »11 their 1 
feathers are attached to the very last joint of the i 
which is enlai^ed to allow of their being planted 
it. I repeat that in all living birds the entire series of i 
tail-feathers is attached solely to the last joint of the tail i 
to no other ; but when we esaioine this very remarhabl! 
fossil-bird we find not only a long tail, but each of ita 1 
has one pair of feathers attached to it and no more. Tima 
are twenty pairs of true feathers. Such is the earliest fom 
in which indisputable remains of birds present themselva 
to our notice. I may remind you here that no fragments tf 
the skeletons of the supposed birds which produced tbi 
Triassic footsteps of the Connecticut Valley have yet been dii 
covered. Strangely enough, out of the enormous number o 
these creatures that must have existed, not one solitary 
fragment of bone, feather, or tooth has been found t« give i 
clue to the nature of the animals that thu>4 left their foc4 
prints on the sands. If these were birds, of course the o 
now under our notice came very late into the world ; if thff 
were not birds, but two-legged reptiles, as some geolcgisti 
believe — then this Archsopterix is the oldest bird with vhia 
we are acquainted. 

I have yet to say a word about the flora of the OoUti 
age, which consists either of the Conifers, plants of the p 
tribe, or of the remarkable allied group known as Cycods, tl 
which I have already called your attention Throogh 0» 
Oolitic age we iind no trace whatever of the modem types o 
forest trees ; not one solitary leaf, fruit, seed, or fragm^g 
of wood of any kind has been obtained that indicAt^ i' 
presence of any other type of arborescent plant than the liis OH 
pines, and these remarkable Cycads. There is no doubt whuteva 
that the characteristic vegetation of this age was Cycadea 

I have already mentioned the discovery of a few teeth erf 
true mammal near the junction of the Triassic and OolUJ 
rocks. We meet with other mammalian remains in the St 
field slate, a thin bed belonging to the middle of the Oolitic at 
These latter also are either Marsupial, like tlie OjiossumSi wT 
Insectivorous, and allied to the Hedgehogs. A third group of 1 
these fossils has been found at the upper part of the OolitdSU^I 
what are called the Purbeck beds. These too are chiefly eitluiH 
Marsupial or Insectivorous — but amongst them are some Dtil^| 
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W that may possibly belong to other clas 

which require further investigation. 

ut our time is slipping away, and we must i 

iher boundary line and come to the Chalk. The Cretaceous 

I M'e sometiDnes made up of sands and sometimes of chalk 

f ; the latter reveals to ua a remarkable fact which the 

t German mici'oscopist, Ehrenberg, was the first to find 




^^Cyou take a fragment of soft chalk from a Cambridge 
ay, you can easily brush it away in water until you resolve 
to white mud. Put a little of this mud under the micro- i 
le, and you will discover that it is literally made up of thai 
a objects known as Foraminitera. 
Ve have here evidence of the truth of what I told you 
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other day, viz., that some limeatones, at all events, ' 
the products of any chemical action operating in the 
resulted from the agency of living creatures. Ab I have already 
stated, I am perfectly satisfied that the same remark can be 
made in reference to every limestone rock in existence, ex- 
cepting those few fresh water Travertins about which 
spoke an hour ago, and which are too insigniticant in thei^ 
amount to be taken into conaideration when explaining th« 
origin of limestone rocks. The Foraniinifera which conatdtuGf 
chalk are very nearly related to the species filling up the h 
of the Atlantic, and other seas in many parts of the glol 
at the present day. Along with these Foraniinifera, we m 
find an enoiiuous number of organisms of various kindj 
which we have not met with previously. Thus during the Chall 
age, sponges were at least more numerous and varied than al 
any previous period. At all events the number both of typei 
and of individuals occurring in the Cretaceous strata inUV 
times exceeds what we find in any other part of the geologiea 
series. We also now find new forms of starfishes, as well ai 
at the tribe of sea-urchins so common on some parts of on; 
sea-coast ; but many of these new fossils present forms el 
teristic of the Chalk age and not found in any other rocks ' 
ing to the Encrimites we again find a change. Most of the ob 
types have gone, and are now represented by the estraord' 
creature known as the Mai"supite, from taarsupittm, t 
This is simply an Encrinite without a footstalk. He had D 
footstalk, at least when grown up, though what he may h&v 
had in his babyhood 1 do not know. Star-fiahes are living ii 
the Frith of Clyde, which, in their infantile days, are supporte 
upon a footstalk, but when they gi'ow larger they delael 
themselves from it and float free. These Marsupitea may bsv 

I done the same. At all events the genus is very characbenjtj 
of the Cretaceous rocks. We still find remains of the Pte 
dactyle, the Mososaurusand the Ichthyosaurus. ThePlesiosaw 
is no longer there, but it is represented by the Fleiosanni 
which much resembles it ; these peculiar reptiles survived 1 
diminished numbers, but as we leave the Cretaceous U 
they pass out of existence, to be replaced, as we shall n 

I in our next lecture, by the modern types of lizards att 

^ crocodiles. 

I have already spoken of the multiplication in the ( 
•a deposits of forms of sheila uWveAto l:\\e k'tntatmla^mtd-q 
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tbmr final disappeai&nce, along with the Beleiunite. »t this 
epoch. 

But there are other remarkable vertobtHte i-i-witia-es yet r»- 
quiring our attention. Two diagrams before you ivpraaout th« 
lower jaws of two species of bird that have been disouveretl in 
the western r^ons of North America, by Professnr Mikrsb. onn 
of the first naturalists of America, who has foiuid, nt leiist, 
thirteen species of foagil-birde in the rocks of tlis C'retnoeoiix 
age. Some of these were met with on the Atlantic coast, luiil 
others in the far district of Colorado ; the feature tiwt is so 
remarkable about some of them, is that their beaks lav 
furnished with rows of teeth as reguUr and definite as ani 
those of any reptiles. This is a marvellous and unexiiected 
fact. We have no bird with teeth at the present day. 
Anatomists of the evolutionist school naturally I'efer to tliOMp 
birds as indicating a transition state between reptilian form* 
and modem types of bird-oiganisation, and it is unques' 
tionably true that they have very strong reiiaons for arriviikg 
at this conclusion. It ia unquestionable that these objects iiro 
true teeth, eaoh having a fang at its base, and having the upjier 
part of each tooth covered with true enamel. Then the teeth 
are sometimes planted in a row of distinct sockets, whilst in 
others they are fixed in a groove, which shows a gradual 
approximation towards the development of sockets. Tooth 
like these must have belonged to carnivorous ci'eiitnres. The 
two birds to which I am referring were both aquatic. Unit of 
them was about the size of a pigeon ; but the other was u 
large diver, measuring about sis feet from the t«p of the beak 
to the end of the toes. It was a powerful bird, but, like blie living 
Penguin, was unable to fly. Its wings were merely rudimentary 
onee. The supposition that this bird ro[)reBeuts a form inttir- 
mediate between the bird and the reptile, is further MUtitained 
by the circumstance, that, at the extremity nf the upper jaw of 
this species, there were no teeth, but the jaw a]>penrH to Imvo 
terminated in a homy beak. So that you have here iHinibiiuiil 
the reptilian tooth with the beak of an orrlituiry bini ; tut- 
carding to the evolutionists, as time went nii, the hunk Kmw 
bi^er and the teeth grew less, until tliu hittci' tituilly Au- 
iq^ieared. Thus there was handed down to future ngen tb* 
Vt» of feathered descendants which we see around nit at tiw j 
present day. 

An extraordinary change came over the vei^etutiim of t 
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world during the Gretaceoaa age ; a change wliiqh not 
affected the plants themselves, but the results of whieh r 
some remarkable phenomena connected with the distribution 
of beat and cold over the earth. In both the loweir 
upper parts of this Cretaceons series, we now find, for 
first tune, the representatives of living plants belonginr 
to the flowering tribes comprehended imder the name m 
Dicotyledons, and many of which are closely related to 
trees now flourishing in the forests of the world. We no' 
come Ufxin species of fig-tree, oak, beech, poplar, myrtJi 
willow, and luugnoUa, along with pines, ferns, and a, host of 
other allied plants. The oldest of these Dieotyledonoo* 
plants with which we are accqnainted is a species of poplar. 
We have seen that up to the commencement of the Cre- 
taceous epoch, the only known plants have been pines, Cyeadi, 
and the various forms of cryptogamic vegetation ; bat 
recent discoveries have brought to light such a multitnile 
of the higher forms of v^etation, from various parts (rf 
the world, that my two friends, Professor Heer, of Zurich, 
and Professor Lesquereux, of Oolumbus, United States, who- 
are investigating these plants, run a fair risk of being ove^. 
whelmed by the multitude of specimens accumulating in theli' 
hands. 

The climatal features to which I referred are quite as remart 
able as the rapidity with which these new forms of vegetation 
multiplied and spread over the earth. Many of the specimens 
of thiij new vegetation have been brought to us from Qreenland, 
a country wiiich is now covered with ice, and where 
Stick or ^f of a living tree will now grow ; where, in fact, there 
is no vegetative life excepting the herbaceous plants that spring 
up during the brief summer. And yet in the age of which 1 
• am spealong, Greenland possessed magoificent forests, sinulaF 
in many respects to those which now flourish in the warm 
Southern States of North America 

If you hunt through the forests of England and of midland 

Europe, you discover no species of magnolia or myitle, fig-tree 

or Cycad, Tree-fern or Oleander, yet all these flourished ' 

I the ancient forests of Greenland. Some stupendous chanf 

m "e evidently been wrought in the world since those days. 

I very clear that the distribution of snow and ice wa 

m Uflerent then fi'om what it is now. Whether the earth' 

las got a twist, or whether in those days the globe wa 
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whirling through some warmer parts of space than now 
surrounds us, is not easy to determine. The probabilities are 
against the idea of any change in the poles of the earth ; but 
something strange must have occurred since the time when 
not only forests of magnificent trees overspread that Green- 
land continent, but when tropical genera of ferns, such as 
the Gleicheniae, flourished as an undergrowth in even greater 
numbers than is the case with these ferns in tropical forests 
at the present day. 




Thk i^iymeal and vital agfnctes which modified the <niiBt of 
the earth and its inhabitmiCs thronffh ^e long periods which 
occupied oar attention in tar first vwo Lectnies. did not cease 
their action at the dose of tiie Cretaceoos age. They are 
producing similar effects now to those which they caased in 
the beginning of time, and pn>bably with ondiminifihed energy. 
Bat for a long period the effect prodoced by those agencies, 
snbseqnently t« the Orebtceoos age, were Tety ill understood. 
Until the early ptut of the present century wiuti we now call 
the Tertiary rocks were almost alitigether n^Iected. Baron 
Cuvier — one of the greatest of Enropean naturalists — first 
showed the world that the Tertiary depoisits in the neighbooi- 
hnod of Paris contained the remains of strange and extinct 
animaU. This discovery opened the eyes of geolu^iists to the 
fnct that there existed a series of superficial deposits, which 
eminently merited any amount of laboor that might be 
bestowed upon them. 

The important discoveries of Pavier made a powerful im- 
pression on that great geologist whose death we had so lately 
to deplore— I mean Sir Charles Lyell. Lyell undertook tlw 
stndy of these neglected Tertiary beds. He endeavoured, and 
with a large amount of success, to reduce them to order by. 
making use of the fossil shells which they contjiin. I 
observe here that in all probability, if we except some Foiv 
minifenins ircntiireei of low oi-ganization. no one species ^thev; 
of plant or animal that lived previons to the close of the Oul^ 
age, survived that period. Except one doubtful Hhell all bh» 

reies found in the Mciozoic stnttn became eitinct. Scaa 
them are to be found in nuj- of the Tertiary strata. Yoo 
nnderstatui, however, the limitation with which I make 
.RMerance. If the doctrine of evolution be true we ar« 
its of spiH-ii's that lived prior to the Chalk age, 
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t naturalists have hithei-to applied the term " species " to 
indiyiduala, the probability of whoae descent from common I 

pBrent-8 is indicated, by the identity of their organization ; | 

groups of organisms are regarded, as being of the same species, 
when their individual members, are more like one another than J^ Vi 
they are like any other objei;ta. The term species being thus de- *^^ ■ 
fined, it becomes true, that all the Tertiary species are different 
from those which lived previous to the close of the Cretaceous 
age. Still less could any of the latter be identified with such 
as are now living on the earth. But when we cross the 
boundary line that separates the Cretaceous rocks from the 
Tertiary deposits, we begin to find the fossil remains of species I 

that are still living. Lyell made use of this fact, and based 
upon it his classification of the Teitiaiy strata that we are 
about to study. He found that in the oldest of these Tei^ 
tiary beds there was not more than about three and a half 
per cent, of recent shells in every hundred fossil species 
that he examined. Therefore he threw these oldest beds into 
one group, to which he gave the name of Eocene — a term 
signifying the dai*n of recent life. In strata of newer age 
he foand something like thirty-five per cent of living shells, 
associated with sixty-five per cent, of extinct ones. To this 
group of deposits he gave the name of Miocene — or less i 

recent. Then when he came to other deposits of stQl more ) 

modem date, he found that the pivportion varied from forty 
or fifty per cent, up to very nearly ItiO per cent. ; and to 
these he gdve the name of Pliocene, or more recent. 

The deposits to which Cuvier's attention was chiefly directed 
belonged to the Eocene period of life. I need not dwell upon I 

the vast multitudes of shells that were found in them, though 
many of these were peculiar, including numerous genera not 
met with in the older rocks but which are amongst the most 
common of those now living. We thus learn that on crossing 
from the Cretaceous to the Tertiary beds even the molluscnn 
fbims of life underwent a sudden change. This is equally 
true of those which ceased to exist and of those which now 
appear for the first time. I have already pointed out in how 
marked a manner this statement applies to the Cephalopoda, 
or animals allied to the Nautilus and cuttle-fishes. 

In our own country these Eocene strata are only found in the 
south-east of England, and especially in the neighbourhood of 
London and the Isle of Wight. In them we find the remains of 
reptiles, birds, and mammals. But tW\c\\V\i.^-*i9swa™s.issA."'*». 
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companions are now replaced by the crocodile and the 
The latter creatures were as large ae the tropical Boa-Gon- 
Btrictora of the present day, and amongst them there waa, 
accordiuft to Owen, u huge and veritable sea-aerpent — thoogh 
not having yet canght t/ie great eea-serpent, I am not quite 
' ar as to what his anatomiciLl characteiistica are. The 
have numerous turtles — rather smaller than the recent 
seen at aldermanio feasts. Fishee of many varietiee 
abound, The modem types which first presented themselves 
in the Chalk age now become the prevailing forms — replactng 
the Mezozoic and Falieozoic Ganoids which, though still repre- 
sented become comparatively r.ii-e. Figure 9 represent! 




skeleton of a species of perch, from the slate- quarriee of I 
Qlarus in Switzerland. This skeleton exhibits the hontoeeretW^ 
tail, to which reference waa made in a previous lecture, 
the hitter part of the Cretaceous age we find for the first 1 
time tiHhes allied to the salmon, perch, and many otherl 
' forms living in our seas and rivers at the present time. Yon] 
will probably remember I told you that no solitary fragment^ 
of those modem types of fishes to which Agansiz gave the n 
of Cycloids and Ctenoids, from peculiarities seen in the formiW^ 
of their rounded scales, had hitherto been met with in rockatfl 
oilier than the Cretaceous series ; but towards the upper pa^l 
of that group they begin to a])pear, emd when we cr 
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nmdary and come to the Tertiary deposits these fishes crowd 
apoa as in great numbers. Sharks of huge size were also 
common, as is shown by their numerous teeth preserved in 
the Eocene beds. But it is when we come to the Maoinials, 
especially to those first discovered by Ciivier, that we aw 
moat strongly reminded of the ehiinges which have overtaken 
the world's fauna. 

When Cuvier first discovered the bones of these creatures 
he showed to the scientific world that, from the study of a 
limited number of bones, he could reproduce, with considerable 
probability, the entire animal. He did this by means of 
what he designated the law of co-relation, or, in other words, 
the mutoaJ dependence of parts upon each other. That such 
restorations are possible within defined limits is doubtless 
tme ; but when I hear of their being accomplished by the 
examination of a fragment of a bone or of a tooth, I can 
merely smile at the world's credulity. If the combination of 
oi^gans m the extinct animals had exactly corresponded with 
what we see in living ones, such feats of anatomical leger- 
demain might have been possible. But no man only possessing 
the skull of a Pterodactyle would have given to the animal 
the wings of a bat ; neither would acquaintance with the 
skeleton of the body of Marsh's large Diver have led its 
discoverer to connect with it jaws full of enamelled teeth. 

The chief quadrupeds which Cuvier found in these deposits 
were of two types ; one of these was a heavy creature, some- 
what like the pig ; the other was an animal of much lighter 
construction. Cuvier showed, what we have no doubt now 
is perfectly true, that these were Mammahan animals, very 
closely allied to the Tapirs of which herds now roam through 
the South American forests. 

The Tapir is a hog-Uke creature, but nevertheless not a true 
pig. It had its upper lip prolonged into a sort of proboscis, 
which was also the case with the Palscotherium. But Cuvier's 
other discovery, the Anoplotherium, was a creature of a much 
more graceful structure, and approached somewhat nearer to 
the Antelopes. The remains of these creatures are foniid not 
only at various points on the continent of Europe, bot in Eng- 
land. Another Eocene mammal is the Hysenodon, which was 
probably one of the oldest of true carnivorous mammals. 

We now meet with another well known group of animals 
not found in older strata — I mean the whales. In this lowest 
Eocene deposit there has been found, eapeeisil-^ ia 'liisi'^-a&RA- 
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States of Americii, a huge whale fumiahed with very remarkable 
teeth, and known by the name of the Zenglodon, and we know 
for a certainty that some of these Zeuglodona were fnlly aevBatf- 
feet in length. Thus you see that though the giant Icfatbjro- 
eauruB find other allied aquatic reptiles huve di^ippeaped from 
the sea, other huge marine creatures have taken their place, 
though of an entit'ely different claea. 

The general conclusion to which we are brought by the 
study of the animals found in these Eocene deposits is that 
' at the period in which they were accumulated, the animal life 
on the globe was of a somewhat tropical character. Thii 
conclusion is further confirmed by the study of the piMita 
of that age. We now find tropical palms, a ' 




I 



with them we have a large number of other planta, tbe_ 
seeds and fruits of which are yet preserved, all indicating 
the same general fact, namely, that the temperature at the 
period in question was very high. 

But we must now cross another threshold and enter apon 
the Miocene age — ^in which we discover a ma,rvelloua outbnret 
of that animal life, living forma of which now constitute' 
so conspicuous a feature in the forests of India and Africai 
We have probably no trace of these Miocene deposits in Eng-. 
land ; but when we cross to the Uonttnent, we find them hers 
and there in detached patches. As we proceed to the flanks 
of the Alps they crop up in larger maases, and an enormonB 
■range of them runs along the southern Hank of the Himalayan ^ 
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; these deposits are rich beyond any pi^eoedent in the re- 
toainB of gigantic animals very Bimilar to some now living. 
This remark applies to the Miocene deposits in various parts 
ot the old and new world. We have now the Mammoth and 
the Mastodon — huge forms of Elephants ; then we have the 
Hippopotamus, Rhinoceros, Bear, Hysena, Monkey, Giraffe, 
Camel, and Deer of numerous forma. The Dinotheiium was a 
hnge elephantine animal but with two tusks projecting dowK- 
wwiJa from the lower jaw. The Sivatherium found in India, 
was a stag-like ruminant with two pairs of homa, and asso- 
ciated with it was a gigantic Tortoise eighteen feet long 1 I 
have said enough to show how marvellous and rapid has been 
the outbuTBt of new forms of animal life, contraated with its 
slow development in previous ages. 

In dealing with the queation of evolution we have carefully 
to consider the facta which I am now briefly enumerating. 
Eecollect how extremely insignificant the thickness of the 
depoaita that we are speaking of is compared with those of 
parher date. The entire series of Tertiary beds is only repre- 
sented by ft very thin line even in any large section of the strati- 
fied rocks drawn to one scale. Tet, as I have already shown, the 
thickness of a series of deposits constitutes our best standard, 
imperfect though it be, for measuring the time which those 
deposits occupied in their accumulation. Bemember then that 
in the lowermost part of the Tertiary aeries we have scarcely 
any of these mammals. The few found in beds of the Eocene 
period are but scanty representatives of the group ; but when 
we turn a comer, it appears as if some great magician had 
waved his wand and, in response to the magic summons, life of 
the most varied character, and in forms moat dissimilar from 
what immediately preceded, flash into existence. 

The evolutiouiat has to explain these unprecedented 
phenomena, and to ascertain, if he can, how it is that this 
^velopment of animal forms has proceeded so slowly through 
niillioiis of years, and then at a very late period, as if in pre- 
paration for man's advent upon the earth, it should suddenly 
•dvance with such amazing rapidity. I contend stoutly 
that however numerous may be the facta that sustain the 
doctrine of evolution (and I am prepared to admit that there 
we many that do so in a remarkable manner) this unex- 
plained outburst of new life, demands the recognition of 
wine factor not hitherto admitted into the calculations of the 
evolutionist school. 
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Before we finally leave the Miocene a^e I would call your 
attention to the imperfect knowledge, not only of foH«t^ 
but of anatomy, which prevailed amouget nDtiiraliBts in tin 
early part of the last century. Scbeuchzer, one of the d 
eminent naturalists of his day, obtained a skeleton of a la „ 
newt or Salamander from a quarry at Qiningen, whence manf 
similar skeletons have since been obtained. This he deaciibet 
in more than one work, as the tikeletou of a man who had heat 
drowned in the Noaehian Deluge. The fact that this Sal»» 
mander rejoiced in the possession of a tail seems to haw 
constituted no difficulty in the way of this primitive geologist*, 
Both in size and form the QCningen reptile approaches vei^ 
closely to a living Japanese species. 

Leaving the Miocene we come to the Pliocene period, which 
has left its memorials, in the south-eastern counties of ou 
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country in what is called the Crajj of SuSolk, as well a 
other ports of the world ; we still find scattered amongst ti 
deposits the remains of most of the Miocene Mammalia wfaid 

I continued to flourish, though the climate became much m 
temperate than it formerly was. 
The detached Pliocene deposits are doubtless of various a, 
— but throughout the entire series we find numerous, a 
living, species either of marine or fresh-water shells ; 
curious changes have occurred in some of _ these i 
Some which were very common in the Pliocene S" 
rare on our coasts, whilst with others the reverse 
There is no doubt that these shells indicate a change fra 
tropical to temperate conditions. Nevertheless some oi vL 
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I objects contiauB to be very remarkable. This is 
' especially the case with the sharks, of which the fossil teeth 
' axe very niiineToua io what 8.re called the Crag deposits. 
Uany of these teeth are of enormous size. Comparing them 
inbh those of liirge living sharks, and. assuming that the 
mBgnititde of the jaws increased in the same ratio as the teeth, 
we may fairly conclude that some of these fishes must have 
been able to open a mouth wide enough to take in the contents 
of ft London Omnibus at one bite. Along with remains of 
the shark we now find bones of the true whale. These are not 
the Zenglodons of the Eocene age, but whales of the modern 
type. 

As the Tertiary age advanced we discover that the living 
^pee of vegetation became more and more abundant. You 
will recollect I called your attention to the fact that even at 
the close of the Cretaceous age poplars, myrtles, magnolias, 
ind a whole host of other Dicotyledonous trees, belonging to 
vanner climes than ours, had begun to make their appearance 
na the earth. As the Miocene age passed by we find that the 
geseis and species of these trees multiplied quite as rapidly as 
Ihe quadrupeds. We further learn from the fossil plants that 
Ae distribution of heat and cold on the eai'th continued to be 
TBiy different from what it now is. Thus, even in the Miocene 
tge, parts at least of the ice-clad continent of Greenland were 
■till clothed with rich semi-tropical forests in which district 
(onns of plants were almost as abimdant as they were at the 
e of the Cietaceoua period. When those northern regions 
d their present condition we have yet to learn ; but the 
^ was probably coieval with the similar ones which 
boted the entire northern hemisphere after the close of 
» Pliocene epoch. 

An age arrived when the semi-tropical conditions that pre- 
lUed in the periods of which I have been speaking, gradually 
^ed to influences of a more chilling character. Ice and 
Ow began to creep southwards from the Arctic regions, until 

Clut there arrived a time, now known as the Glacial age, in 
ich the greater part of the northern hemispbei'e was covered 
^ ice and snow, much in the way that Greenland is so 
L at the present time. How long this condition of 

r continued we do not know ; but you will readily under- 
that such a physical change would necessarily pinduce 
t iterations in the life of the period ; and geology allbrda 
■i«oof that this was the case. We now fini tVc'^sfttiftisi 
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age would require a dozen lecturea in order to do the 

subject justice. I should have to unfold to you the history of 
'tboae wonderful ossiferous caverns which have been found in 
-varioDB parts of the world, and the investigations of which 
lave been productive of such remarkable results. But time 
■wll not allow me to dwell upon these mattera, beyond point- 
ing out to you some of the moi* characteristic phenomena. 
On studying the Tertiiiiy age generally, we cannot fail to see 
tow much the world changed in one point as it grew older. 
At those periods which we examined in the two first lectures, 
■we have every reason for supposing that animal and vegetable 
life presented a far greater uniformity than now from the 
Arctic to the Antarctic zones. Thus we find that the plants 
of the Coal measures of Australia are almost identiiml with 
Uiose found in the Coal measiires of Greenland and Spitz- 
bergen, and the remark is equally true of the Coal 
measures of the intermediate zones. As the world grew older, 
and as we approach nearer to recent times, we find gi'adually 
springing up a tendency to local differences in the life 
(diaracterising the diSerent geographical areas ; but at length 
we reach a period in which every country seems to have had 
its own distinctive animals, just as it has now. If I take 
you at the present day to the woods of South America, what 
do we find there 1 Amongst other things, numerous small 
Sloths hanging upon the trees, and feeding upon their leaveB. 
In the Post-pliocene age Sloths were common in the same 
i^on, but tbey were as big as oxen, and consequently alto- 
gether unfitted for climbing up trees ; but, as Professor Owen 
hse shown, they were fitted for pulling the trees down. The 
' same American province now abounds in Armadillos, which 
hnnow into the soft soil aa rabbits do in our own waiTens ; 
but amongst these we find the remains of an enormous extinct 
Armadillo, which must have been as big as a earner's covered 
Trail. He was certainly above nine feet long from snout to 
tail. 

If WB cross to New Zealand, what do we find there 1 At the 
jreaent time we have no Mammalia in New Zealand other 
than a rat and a bat. This fact possibly explains why the old 
!Rew Zeolanders wei* cannibal ; if you realise that tbey had 
ao domesticated animals such as we have, and that the only 
-t^taaee of getting meat was to eat their enemies, we can 
sotuvely wonder that a savage race should see no haim in doing 
ea. There has been found along with this i:a.t B.'&d.\vB.V,'Ob« 
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Aptetyx. A Btnaii species of wingless biiil, about the size o: 
Cochin-China fowl. This bird heloii((ed to the same group &g 1 
Cassowaries of Australia and New Britain. In the later FosB 
pliocBne days, birds of this class were extremely numerous if 
New Zealand ; but instead of resembling the living' Apteryi a 
size, they were often larger than any living ostrii-hes, some e 
them being' fully ten feet high. Their bones are now scatterei 
abundantly over the length and breadth of New Zeatand-S 
and it is clear that their extinction was due to the st 
agencies aa destroyed the Dodo of the Mauritius. They » 
eaten by the natives as long as any remained ; and when i 
game was no longer available, the New Zeulander would btr 
more likely than ever to eat his fellow-men, 

A species allied to these New Zealand Moaa, aa they a; 
called, has been found in Madagascar ; we have also got tba 
eggs, and it is calculated that one of them would contain 
about 148 modem hen's eggs. Thus yon see that both in 
South AmericaandNew Zealand the animals that still live them , 
are the representatives of others which lived in the 
countries during a bygone ag« ; but the living forma am w 
dwarfed representatives of the older giant race. In Anstntfill 
the living animals are chiefly of the Kangaroo tj^, of whiA 
there are enormous nnmbers, both as regards individuals aot 
species ; and the remarks 1 made about New Zealand B,p^f' 
equally to Australia, We find in the eaves of Australia fowl 
Kangaroos of the Post-pliocene age, and they were as mnnk^ 
larger than those now living as the Megatheiia and Mom W ' 
Sonth America and New Zealand were larger than the ^ot^ 
and wingless birds of the present time. The point whiohl' 
urge npnn your attention is this — that the geographical dis- 
tribution of animals at the present day does not differ, in 
many cn.ses, from that which characteiised the later geologioM 
ages. In the nori)hem hemisphere this is true with an ittr 
portant limitation. We have already seen how during ^ 
Tertiaiy period the numerous Mammoths and their iuge CCB 
paninns spread over the entire hemisphere. Then came ^ 
Ice age, which drove these creatures southwards, though W 
have evidence thiit buth the Mammoth and the Rhinoceros w 
clothed with a covering of wool and hair, enabling them ti 
endure a c-ildrr climate than can be home by their n 
representatives. At the same time they never were 
animals. They must have had vegetation upon which ( 
^ ooald browz&j and their compiULlon, the Hippopotamus, b 
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fetfre had imfrtizen rivers in which it could swim. After the 
great invaaion of icepaasedaway many of these animtils returned 
to their old haunts ; but they gradually dieappeared one by 
one, lea«ng behind them only the wolf, the bear, the elk, 
and the deer to represent them in the temperate portions of 
the northern hemisphere at the present day— the linger forms 
of animals which formerly wore their companions, and charac- 
teristic of the same gi'eat zoological province, having now 
retreated to the forests of Southern Asia. 
After a period of unknown duration the ice began to receds 
■ northwards owing to a i-etum of more genial suns. There is 
, orach diiference of opinion amongst geolc^sts as to the detailed 
. McceEsion of events during this age of milder temperature, but 
h ifi obvious that a struggle hetween sun and frost continued 
6u a long period. There is much reason for supposing that 
otter the first great Glacial age, the ice so far disappeared as 
I to leave extensive tracts of land over which the Pre-glacial 
animals spread themselves, and that this very variable " Inter- 
glacial " period was succeeded by a return of the ice-sheet 
Which again overspi-ead parts of the temperate zone. Be this 
lait may, the ice-sheet finally disappeared, but its remnants 
; ^Ugered in the shape of numerous glaciers which long con- 
, tJnned to occupy the gorges of our mountainous regions. 
During this later time the Mammoth and many of its Pre- 
{^acial companions still roamed to and fro amongst our lower 
Ullleys and ovei' our wide plains. At that time our island was 
not only united to the continent of Europe, but, in all proha- 
I Wity, stretched far away southward and westward into the 
Altuitic, So that the ancient Europeo-Asiatic faunn. was also 
ttt&una of what ts now Great Britain. The way in which 
)be bones of southern forms of Mammalian life have become 
intermingled in caves and other Foat-pliocene deposits makes 
ftsir history a diificult one to render intelligible. This much 
hovever is certain. One by one these huge Mammals passed 
May from these latitudes. In all probability the latest 
■rrivor of the vast herds whieh once covered central Europe, 
bat which do eo no longer, was the noble species of deer known 
-lltite Irish elk ; magnificent horns of this animal have been 
faod varying from ten to fourteen feet from tip to tip, 
•Wst hia height was not less than ten feet ; various facts 
mm been brousrht to light, making it almost certain that this 
Hlisial, at leant, finally became extinct through h.w.vaa.'o, 
r^enoy. 
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Wii linw nouiK to the moat remarkable of sll the p 
MiTiliKi't'xl wHli lh« hiatoiy of life on the earth. 
»|rjWHi'iiii"i> "f Tiinii. Few are ignorant of the < 

wtiti'h ii'i'.'< i^ilcini pitii'i' nn tlits point, and of tbe wide d 

Htu'i'ii III' "1 iliiil. ^ihll I'sist in reference to :' -■ ■ 

(l(ili.l, III. J ■ ■i..l,,;;i...ls who believe that man eiisied in thg 

itUH tliiil. ]rii>nili'i| iliii lii-wt ffroftt invnsionof Europe byti»it 
■iliiiKk, I ll.lii'i'it wlio riij<i<'t thii) ooncliiBion admit that be mn 
liuvii ilwt'U It) Kiiiii]H> in the Xnter-glacial a^e, whilst a tlui4 
wilimil (if titvantii lii^om the evidence of even this degree of 
inilJilnltyiiii«H.t,i«fiiftory, hut suppoHe that he came hithn- after 
Mm llliiJ ill<iaii|i<)amnc« of the ice sheet. But thene an 
t'Vnu of LllO liittov chuiH of geolo^sts, who deny that I 
iiiiliii|iilty UN H {|wi>ll<ir on the earth was very great ; few via 
i\n iiritf n-ilnilt that he wiw the Mammoth and the F 
fwMjiiiii on till* iilaitiH of Bduthern France, and hence tiirt 
Hh itwnit III u Iiimttir uliiongHt the many estinct ] 
whiJHti nii.ninH r liiivn linnight before yon. IB 

f int. btifnrf I ileal with some of the evidence upon which we I 
liJiiHt liikaii Dur iHiiKiliiaions ruxpecting man's age, I mofit diiwt t" 
yiiiir III. toll Hot I lid thp history of one Tertiary and Post-terliBtJ V^ 
Kroiip 'if imimalH which have aaamned the highest interertiJi H 
in iUinmiiinmitio of the apeuulationa of Professor Hnxley in Sj 
I'nroritiii'n U> it, 

Voii uti kiutiv thiit each foot of the horae has only one toe. 
which lji<iir»i itunail or hoof. But every farrier ia aware that on 
oiuili hI(1i< of thit ■' ciKinoM" bone there are two "splint" boii»i 
ami whirh am unihmhtniUy the degraded remnants of the second 
iinil fiiui'th tiieit of the ordinary five-toed Mammalian inot- 
Tho two outinrmoHt toea, viz. : the first and the fifth, are alto^ 
gothei' wanting, and in the cuss of the second and foortii tbi 
" niotiicnrpftlH ' and " metataraiJa " aa they are called — thftt it 
th(i hones which form the palm of the himd and the arthoi 
tho foot — are present in the shape of the two " apiint " I 
to which i have referred. Unlike the third toe, these two 
lateral splint bones have no digits, i.e., proper toes or tingflrtr; 
at their free ends. But Profeaaor Huxley long ago (alW 
attention to the fact that in Post-pliocene times, when ff"""^ 
modem horse had no existence, there lived a species of 1"" 
the " Hippotherium " in which the two apiint bones w 
nated by digits, but which were too short to reach the g 
and take any part in bearing the weight of the animal. OfflSf 
^BtilJ farther buck into the lertiftry age, Kaitley pointed fflrt 
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HJio remains of anotter imimal, the Anchitlieriuin, wHoh le- 

sembled the horse in many of its features, but in which the 

subsidiary second and foui'th toes, though still smaller thau. 

the principal central one, were yet capable of reaching the 

■ground. Professor Huxley came to the conclusion that the 

Anchitheriiun hf«l first developed into the Hipparion and the 

Hipparion into the horse, and that this history gave a very 

ipowerfol support to the doctrine of evolution. He asks, 

I Which is the more probable conclusion at which we can arrive ; 

iftat Europe once sustained herds of Anchitheria, which were 

.Bwept away, to be replaced, through some miraculons agency, 

with similar herds of Hipparions, whilst these in like manner 

were supplanted by herds of horses of the modem type ; or 

that, by a process of evolution, each of these successive types 

I lutB been developed out of the pre-existing one ) Huxley on- 

[ Ikesitatingly accepts the latter alternative, and argues that if 

I &ia is the true history of the horae, something similar to it 

, must have been equally the history of all other animals. 

I Two questions arise out of this hypothesis : first, is this a 

I oorreot account of the genealogy of the horse, and, if so, does it 

• follow that all other animals must have had a. similar genea- 

' logy. In endeavouring to trace out the ancestry of beings 

whose pedigiees have not been preserved, but have to be 

ascertained by means of circumstantial evidence, we have 

, hii one kind of trustworthy evidence. I£ all the examples 

' rf Anchitherium exhibit pecolianties of a distinctive kicd 

wUch separate them 6y a definite line of demarcation from the 

B^parions, and if the latter in turn are equally distinct from 

the modem horse, we have no evidence that the three distinct 

psdationa in the development of the foot were the result of 

ft succession of minute and impalpable changes in which one 

tfpi thaded nff into am>ther. Such gradations are met with 

■in the oiganic kingdom in innumerable instances. But if, on 

itbe other hand, a long and linear series of specimens of these 

'SnimftlB can be put before us exhibiting, not interrupted 

i^ndatious, but such a gradual transition from the Anehithe- 

'lism to the horse, as renders it impossible to discover a break 

i'Ib the long line, then Professor Huxley's couclusion that the 

ABchitheiium was the ancestor of the Hipparion and the 

'Bipparion of the horse, becomes inevitable, and we must 

SQt^it it whatever other conclusions may be rendered neees- 

9tt9 by our doing so. Until recently the evidet«a yosA. 

had been such a tranamutation. -wfta ivat 6sJ0vs\'»r**s^ 
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to me. Bat id a recent lecture Pnrfeasor Hnsley lias I>Knig 
forward some additional evidenco derived from Profes 
ilarsh's discoveries in the western states of Sorth Ameri 
Beyond all qaestion some of the gitpis which have hithsE 
separated the three «riimnlj I have n&med, ai« filletl iqi 1 
these discoveries; but I want yet more eTideac« before I » 
arrive at the coaelaston that the doctrine of evolution ia fwov) 
by these facta beyond the possibility of qiiestioa. It appears 
me that before I can imhesit^tin^lr give to the testimony of tl 
fossil horses the foil value which I am asked to do, X mn 
know more abont them than is at present possi" ' ~ 
not be enough that the limbs and teetb of these c 
indicate transmutation, bat such transmutation 
evidenced by every part of the animal. This demand : 
especially applicable to the stages which intervene betwc 
the HipparioD and the horse. If the latter was evolved t 
of the former during long periods of time, it must have be 
so evolved at a tehnl.- ; not merely showing the gradual chai 
progressing in some organs, but in every portion of i^ str 
ture ; myriads of individuals must have existed to effect ti 
gradual shading of the one into the other in e\-ery part of i 
body. It ia true that in the Pliohippus of Professor 3" 
the two lateral metacarpals had no digits, but evenbetwerailj 
form and the abortive splint bone of the horse, thero ia yd 
wide gap. Further researches may fill up this and other usoil 
gaps. The facts now known undoubtedly increase the p 
bility that the doctrine of evolution alone can esplain % 
existence of this series of horse-like animals, but the r 
tion of this •pmhahilit;/ is a very different thing from the a 
mission of absolute certainty, which is practically d 
of us. 

But even admitting all that Professor Huxley requires 1 
to do, so far as the genealogy of the horse is concerned, do 
it follow that we must at once recognize in evolutioa 1 
process to which all other forms of organic life are due 1 1 
this question I can only give a negative answer. I ha 
rtlresdy expressed my conviction of the applicability of t 
doctrine to the explanation of many of the variations of ni;g« 
life, and I think it impossible to exaggerate its value aa 
working hypothesis ; but beyond this I am, as yet, unable to ) 
and for this reason : assuming Professor Huxley's hypotfaetafl 

lealogy of the horse to be historically true, it only 4 
I what we already believed to be a fact. 
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changeB in tlie smroimdings of living organisms were capable 
of producing ooiresponding changes in those organisms within 
certain limitn. In the present case we have only one part of 
the problem Rolyed by nature's experiment. We have only the 
degradation, from disuse, of certiiin pre-esiBting organa — a 
process which throwa no light whatever upon the opposite 
olaas of facts, in which entire organs make their appearance 
which had no previous exietence. Animals already so closely 
allied to each other as to represent collectively the equine 
type, began with five toes, four of which successively disappear 
80 far aa only to be represented by the imperfect splint bones 
of the living horse, but we do not learn from these facts how 
animals originally became possessed of toes of any kind. 
Such information may be obtained from other sources or it 
may not — but the history of the horse certainly does not 
famish us with it. 

After this preliminary inquiry we may now proceed to 
ascertain what light has been thrown upon the coiTesponding 
liistory of man. 

Aa is well known, numerous ancient relics Lave been found 
in various places, intimately associated with the remains 
of extinct animals, which no rational being can refuse to 
areoognise as works of art fashioned by hmnan hands. Kude 
"*rorks they are in many cases^but yet such as no unintelli- 
gent forces could have produced. The bone needle with its 
perforated eye, found by Mr. Pengelly in Kent's cavern, and 
the magnificent flint weapons which have been met with in so 
XOany localities, are illustrations of wbiit I mean. The human 
origin of these objects being established, the all important 
point remaining to be proved is their age. I>id the extinct 
animals, with whose bones these works of art are found 
associated, live into comparatively late ages, or did man exist 
in the remote period when Britain was a part of the European 
continent, and when the western extension of that continent 
stretched far out into the Atlantic 1 

There has been found one special set of memorials of a 
yet more int«resting kind. I have already told you that as 
one of the consequences of the glacialisation of the northern 
tiemisphere the Betndeer at one time abounded in southern 
France, where its remains now oecm'. Hemaikable outlined 
Bketchea of these and other animals have been found in the 
Mine district, graven on pieces of their horns, on ivory, 
ittd on fragments of slate. In Six 3ci\ni. \KWtia0£* -^d-e*. 
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k the Origin of Civilisation and the Primitive Conditioi^ c 
[ 'Man, a, book within the reach of all my hearers, you will se 
Tepresented (p. 21) a group of Eeindeer fighting, which wa 
\ found in the south of I'nmce, and which could only hava 
been delineated by some one familiar with these animajs. 
In the same work is a still more remarkable outline scra,tche4 
I rudely on a piece of a Mammoth's tusk, and found 1ft 
I the Caye of La Madeleine in the Dordogne. From the sketdi 
' of the Mammoth given on page 46 it will be seen (hab 
the tasks of that animal curve upwards and inwaxdm. 
I way that differs very widely from those of all living 
elephantH ; further, we know, from specimens fovmd ic; 
Northern Siberia, that, unlike any of the living elephants, thft 
anterior part of the Mammoth's body was hung with masBW 
of long hair. Both these remarkable features reappear in 
the Dordogne sculpture. It seems to me extremely improboiblo 
that the ancient iutist, even had he seen an African elephant 
— itaelf a very improbable supposition— would have so f 
diverged from his model as to reproduce exactly the ti 
characters which distinguished the extinct Mam 
its living representatives. The reproduction of oc 
features would have be^i a remarkable coincidence; butti 
the two should he conjoined only appears explicable on the si^ 
position that the artist had lived side by side with the extinol 
creature whose outlines he so accurately transferred to i 
fragment of one of its own tusks. The Esquimaux of t' 
present day depict the animals living around them '■'POI 
fragments of their own skeletons, and it appears to me uiAi 
themenof the Post-glacial period, at which period we know tiul 
the Reindeer and the Mammoth flourished in southern " 
only did the same. It is veiy improbable that a savage wi 
had never seen a Mammoth could have elaborated it froon ' 
inner consciousness ; he could merely have copied, as ' 
Esquimaux do, such creatures as be was familiar with. 
think we cannot avoid coming to the conclusion that, wh&(ei 
may have been the age at which the sculptor of that 
lived, he was familiar with it ; he used its ivory as one 
the materials upon which to exercise his art ; and we 1 
consequently driven to the conclusion, that, however old 
young man may be, he lived upon the earth at the time 
these extinct animals. We next ask, in what shape does he pN 
Bonally present himself to us. We are told by the evalatioiudl 
"lat he was originally a monkey. This is not necess&rily I 
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_ robable fa«t ; we must not aeout the idea merely because we 
e apt to smile at it ; we must look at the evidence upon 
which the hypothesis rests. There ia no doubt whatever that man 
ia constructed upon the same type as the monkey, and that wbeu 
yon put their skeletons side by side, though there are certttin 
points of difference, there are grenter and stronger points of 
resemblance. Consequently, d priori, assuming that the doc- 
trine of evolution is true, it would be extremely probuble that 
man had developed out of one of the liirger and nioiB manlike 
types of ape. If we merely study man's skeleton as a whole, 
I can obtain from it no evidence that necessarily upsets the 
oontdtisions of the evolutionists ; but when we come to study 
certain special features, I think I see very grave difficulties. 
In the first place, when we examine the brain-pan of the 
monkey and compare it with that of man, I need scarcely say 
how large is the difference between the magiiitude of the 
human brain and that of the highest type of monkey that 
we are familiar with. Of course it ia very difficult to decide 
how much these differences are worth. We sometimes find a 
man with a little brain made of superior material, who, 
mentally, surpasses another man with a bigger brain made of 
baser material. But let us see to what this comparison of 
brain-power brings us. The largest Gorilla has a brain of 
about thirty-four and a half inches of cubic capacity ; but 
this magnitude is exceptional ; generally speaking, the brain 
of the Gorilla has from thirty to thirty-two inches of cubic 
capacity. The brain of the highest form of intellectual man 
has about 114 inches of cubic capacity. Between these two 
extremes there ia an enormous difference. But the eToiutionist 
properly says, " I L'lve nothing to do with extremes ; I have 
only to study the highest form of ape and the lowest form of 
man, to see if a link can be found uniting the two." 

The smallest known adult human bi'ain, respecting the 
accuracy of the measurements of which there exists no room 
for doabt, is one described by Professor Marshal I of London. 
It is that of a Hottentot woman ; we do not know her age or 
whether or not she was an idiot. When we find the brains of 
Englishmen and Europeans with a less cubic capacity than 
about sixty inches, we are told hy Dr. Davis, one of our 
Iiighest authorities on this subject, that they are invariably those 
ftf idiots ; but it does not follow that this brain capacity would 
nscesaarily indicate idiocy in savages. The brain of the Hot- 
teitot woman measured sixty-two and a lutii ev:b\u vosfosA. 
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The ftToliitioniMM ar^e tlutt since there is such a 
in ths brain of hiiuiamty. Taryinji fpim 1 1 1 cubic 
aixty two. tht^m ia mi rRnsim -why we !ih>}i]l<i not go down to 
thirty inches wul rench the level ai tlu? GorilJa. I tMotead tkrt 
thia ia ont a philoaophinal aj^ment, aiul I will tell yoa nitj. 
SnppoHe yon try tn atretch « cord already three feet long, ^Ni 
mny RAsily add unme inched to its len^h ; bat having done thw 
vtU tinrl it f;ti- m<ii-e diificiilt to a^tch it aJiotlKr inch 
than yi>i) did to xtretch it the first balf-duEen. Yua ila^n 
reftchnd the limit of its elasticity, and, nae whiit effort JO* 
may, any further strain only snapa it in two. Apply thia to 
th^ hmnHn brain. It in true there is an elasticity in the d*- 
7i^lcrpment of this nrgan that admits of its ranging betweuk 6X1 
tind 1 1 4 intihpH, but tM^caitse yon kive got aa low as 62 iathet 
t follow that it coald be reduced in size to the ext^t of 
2a incb«a more. I think this statement ia aaatainad by 
chipological e^^.deIW^. The two oldest homan crania that havti-: 
yet. hnpn found are those known aa the Eugis and Ne«nd^rthd 
ahiilix. Of those the Former was unquestionably the mov* 
anoi«nt. Yet Frofeasor Huxley admits th;it it b;is probablT 
ft on hie capacity of 75 inches, and might h;ive belongeo 
either to a negro or to a philosopher. The Neanderthal spe<9~ 
Fin ia much more imperfect, hence ita exact cap&dty is naif, 
«ily calculated ; but it was probably much inferior to Ui4r 
Kagia one, thoogh its owner lived at a later period of 
than was the case with the Engis savage. We thus see that 'Uw. 
fafits exhibited by the oldest known aknll cajries us far away^ 
from the OoriIla,iand leave us solely dependent Qpoa pcw> 
■ihilities in attempting to build up our hypotheses. I laat 
bronght to the conclusion, that, so far as the aknll is oon> 
ceroed, there is a wide gulf yet to be bridged over, de^er 
than the uncompromising advocates of evolution appear to 
recognise. But it is not to brain measurements, nor to any 
other merely structioTil peculiarities, that I am inclined to 
look for evidence bearing upon this problem — but to the 
psychological peculiarities which separate man from the most 
axnlted of the lower creatures. The caves of the Dordogne 
reveal primieval man to us as an artist — rude, it is true, yet 
using his flint stones aa graving tools, and sculpturing, with 
these imperfect implements, life-like representations of th« 
cwwitures amongst which he lived. Now what have we in any 
Oorilla that prepares us for these manifeetations of ortistia. 
' ' \tf Literaily nothing : yet tkiB is only one of the ii^ 



I numBrable mental and moral poteotiftlitiea which separate man 
r from the brute. It appears to me uiiphlloBophical to say that 
these powers have been produced by the mliuence of man's 
Himoundinga acting upon his organisation, I would urge thtit 
all that those surroundings have effected has been, not to 
create, but to call into activity, powers that were already 
latent in man's nature. When we talk about what civilisation 
has gradually accomplished, we m.ust remember that civili- 
sation has proceeded from the exercise of qualities residing 
u/itkiTi mun himself, and not from physical inHuencss operating 
from witkiiui — hence civilisation, so far from being a product 
of the " snrroundinga " of Mr. Spencer, is merely a pioof of 
the existence in man of latent potentialities, which no sor- 
roimdings could create, however much they might aid in 
stmmlatuig them into activity. As it is, there is no rave of men 
so degraded that they cannot be taught in the course of a very 
few generations to display mental qnalities to which the mere 
animal, however long he may have dwelt within the influence 
of civilised man, can lay no claim. Man can not only look back- 
wards by an effort of memory, but anticipate the possible joys 
and Borrows of the future, which no animal can do. He can 
antertain abstract conceptions of good and evil, of beauty and 
its opposites, of right and wrong. He can work out the moat 
intricate intellectual problems by processes even more in- 
tricate than the problems to be solved ; and finally, when we 
regard man in the loftiest of his relations, we find him in 
posseaaion of a sense of responsibUity, not only to hia fellow- 
men, but to the Supreme Ruler ot the Universe ; he baa 
almost always some abstract conception, howevei" vague, of a 
Being whom his eye hath not seen, but to whom his instincts 
tell him that he must one day render an account of hia doings 
whilst on eitrth, and from whom he expects to receive a 
fatnre life ; a hope in which the most developed of brutes has 
no part. 
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